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Die f olgenden Angaben sind den vom Anmelder eingereichten Unterlagen entnommen 

© Neuer metabotroper-Rezeptor-Komplex aus dem zentralen Nervensystem 

© Die vorliegende Erfindung betrifft isolierte Proteine, die 
fiir neue metabotrope GABA-Rezeptoren kodieren und 
mit GABAe-Rezeptorproteinen einen neuen metabotro- 
per GABA-Rezeptor-Komplex (= Proteinheteromer) bil- 
den, und Nukleinsauresequenzen oder rekombinante Nu- 
kleinsaurekonstrukte, die fur die Proteine kodieren. 
Die Erfindung betrifft aufSerdem Wirtsorganismen oder 
transgene Tiere, enthaltend die Nukleinsaureseuqnenzen 
oder die rekombinanten Nukleinsaurekonstrukte sowie 
mono- oder polyklonale Antikorper, die gegen die isoiier- 
ten Proteine gerichtet sind. 

Weiterhin betrifft die Erfindung ein Verfahren zum Auffin- 
den von Substanzen mit spezifischer Bindungsaffinitat an 
die erfindungsgema&en neuen GABA-Rezeptoren bzw. 
die erfindungsgemaSen GABA-Rezeptor-Komplexe, ein 
Verfahren zum qualitativen oder quantitativen Nachweis 
der erfindungsgemafcen Nukleinsauresequenzen oder 
der erfindungsgema&en Proteine sowie einem Verfahren 
J zum Auffinden von Substanzen, die spezifisch an einen 
erfindungsgemaften GABA-Rezeptor oder an eine erfin- 
dungsgemafie Nukleinsauresequenz binden. Ferner be- 
trifft die Erfindung die Verwendung der Nukleinsaurese- 
quenzen und Proteine. 
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Beschreibung 

Die vorliegende Erfindung betrifft isolierte Proteine, die fur neue metaboirope GABA-Rezeptoren kodieren und mit 
GABA B -Rezeptorproteinen einen neuen metaboiroper GABA-Rezeptor-Komplex ( = Proteinheteromer) bilden, und Nu- 
5 kicinsauresequcnzcn oder rckombinante Nuklcinsaurekonstrukte, die fur die Proteine kodieren. 

Die Erfindung betrifft aufierdem Wirtsorganismen oder transgene Tiere enthaltend die Nukleinsauresequenzen oder 
die rekombinanten Nukleinsaurekonstrukte sowie mono- oder polyklonale Antikorper, die gegen die isolierten Proteine 
gerichtet sind. 

Weiterhin betrifft die Erfindung ein Verfahren zum Auffinden von Subtanzen mit speziftscher Bindungsaffinitat an die 
10 erfindungsgeinaBen neuen GABA-Rezeptoren bzw. die erfindungsgeinaBen GABA-Rezeptor-Komplexe, ein Verfahren 
zum qualitativen oder quantitativen Nachweis der erfindung sgemaBen Nukleinsauresequenzen oder der erfindungsgema- 
Ben Proteine sowie einem Verfahren zum Auffinden von Substanzen, die spezinsch an einen erfindungsgernaBen GABA- 
Rezeptor oder an eine erfindungsgemaBe Nukleinsauresequenz binden. Ferner betrifft die Erfindung die Verwendung der 
Nukleinsauresequenzen und Proteine. 
15 Tin zcntralcn Nervensystcm von Vcrlebraten wird vomchinlich Y-Amino-BuUersaurc (GAB A) als inhibierender Neu- 
rotransmitter verwendet. GAB A interagiert mit zwei Rezeptortypen GABA A und GABA B . Gut charakterisiert ist die 
Wirkung von GABA auf ionotrope Rezeptoren, die GABA A -Rezeptoren (Barnard et ai. .Trends Neurosci.. 10, 
1987: 502-509). Diese heteromeren Komplexe bilden Anionenkanale, die auf Ligandenbindung hin geofrhet werden. 
Die Ausschuttung von GABA fiihrt uber die Aktivierung dieser Kanale zu einem Chloridioneneinstrom, einem inhibito- 
20 rischen postsynaptischen Strom, in die Zelle. GABA A -RezcpLoren sind die AngrifTspunktc eincr Rcihc von Mcdikariien- 
tcn wic bcispielswcisc von Benzodiazepines Barbituraten und anderen mehr [North (ed), 1994, Ligand- and Voltage Ga- 
ted Ion Channels, in: Handbook of receptors and channels, vol. 2, CRC Press, Inc. and Smith and Olson, Trends Neu- 
rosci., 16, 1995: 162-168]. 

1981 wurden zum ersten Mai Bindungsstellen fur GABA nachgewiesen, die unabhangig von Bindungsstellen auf GA- 

25 BA A -Rezeptoren vorliegen (Hill and Bowery, Nature, 290, 1981: 149-152). Sie befinden sich auf GABA-Rezeptoren, 
die intrazcllular an G-Proteine gckoppclt sind. Uber diese G-Proteinc sind diesc Rezeptoren an neuronale Kaliurn- und 
Calciumkanaie gekoppelt. Diese neuen GABA-Rezeptoren ( = GAB A B -Rezeptoren) werden auch als metabotrope 
GABA-Rezeptoren bezeichnet. Diese GABA B -Rezeptoren sind uber das zentrale und periphare Nervensystem verteilt 
(Ong et ai.. Life Sciences, Vol. 46, 1990: 1489-1501, Bowery et al., Drug Res., 42 (1), 1992: 215-223). Diese Rezepto- 

30 ren werden sowohl pra- als auch postsynaptisch gefunden. An der Prasynapse kontrollieren die metabotropen GABA- 
Rezepioren ( = G AB A B -Rezeploren) die Ausschuttung verschiedener Neurotransmitter wie GABA, L-Glulamat, Norad- 
renalin, Dopamin, Serotonin, Substanz P, Cholecystokinin, Somatostatin und anderen. Liganden, Agonisten oder Ant- 
agonisten fiir GABAb -Rezeptoren-, die die Ausschuttung eines spezifischen Neurotransmitters oder Neuropeptides regu- 
lieren, konnen benutzt werden, um Ungleichgewichte zwischen verschiedenen Neurotransmittersystemen, wie sie bei 

35 neurodegenerativen Erkrankungen, exzitotoxischen Begleiterscheinungen von neuroiogischen Erkrankungen sowie bei 
psychiairischen Krankheilen vorkommen, auszugleichen. An der Postsynapse findet man GABA B -Rezcptorcn, die uber 
Gi-Proteinc verschiedene Kalium-Kanale aktivieren. Null-Mutationcn fiir einen solchen Kanal in transgencn Mausen 
fiihrt zum Verlust der durch GABA bewirkten spaten Inhibierung und dadurch zu spontanen Krampfen. GABAB-Rezep- 
toren sind an Anderungen der synaptischen Effizienz beteiligt, die Lern- und Gedachtnisvorgangen zugrundeliegen. GA- 

40 BA B -Rezeptor- Agonisten zeigen positive Wirkung in Tiermodellen fur chronische Schmerzen sowie Kokain-Abhangig- 
keit. Antagonisten wirken sich positiv in Modellen von "Absence-Epilepsie" aus (Bettler et al., Curr. Opin. NeurolbioL, 
8, 1998: 345-350). Aktivierung von GABA B -Rezeptorcn dampfl ubercrregte neuronale Verknupfungen. GABAB-Re- 
zeptoren sind daher geeignete molekulare Targets fiir die Behandlung von Epilepsie, Schlaganfall, kognitiven Verlusten, 
chronischen Schmerzen und weiteren neuroiogischen Erkrankungen sowie fur die Behandlung von psychischen Erkran- 

45 kungen wie Angst, depressiven Erkrankungen, Schizophrenic, Migrane und anderen. Sie sind auch als Targets fur die 
Therapie von Kokain-Abhangigen sowie als Angriffspunkt fur neurartige kognitive Enhancer geeignet. Ein GABA B -Re- 
zeptor-Agonist, Baclofen (Lioresal), wird fur die Behandlung von mukipler Sklerose und bei den Folgen von Riicken- 
marksverletzungen kUnisch eingesetzt (Bowery, Annu. Rev. Pharmacol. Toxicol., 33, 1993: 109-147). 

Auch im peripheren Nervensystem (PNS) werden positive Effekte von GABA B -Rezeptor-Agonisten vermutet, bei- 

50 spieLsweise bei Entziindungen und Atemwegserkrankungen. 

Einzelne biochemische und pharmakologische Erkenntnisse konnen moglicherweise dahingehend interpretiert wer- 
den, daB im zentralen Nervensystem mehrere GAB A B -Rezeptor-Sublypen mil verschiedenen Funktionen existieren. Bis- 
her wurdc die cDNA fur einen GAB An-Rezeptor gefunden, der in zwei aminotcnninalen Splcissfoniien auftritl, welche 
sich pharmakologisch kaum unterscheiden (Kaupmann et al. Nature, 386, 239-246, 1997, W097/46675). Dieser GA- 

55 BA B -Rezeptor weist nach Expression in heterologen Systemen ahnlich hohe Affinitaten zu den bekannten GABA B -Re- 
zeptor- Antagonisten auf, wie sie im Gehim gefunden werden. Die Affinitaten von GABA B -Rezeptor-Agonisten zu die- 
sem klonierten GABA B -Rezeptor liegen dagegen etwa um den Faktor 100 unter den im Gehirri gemessenen Werten 
(Kaupmann cl al„ Nature, 386, 239-246, 1997). Vcrschiedcne GABA B -RezepLorant agonisten und -agonisten und ihre 
Wirkung sind Froestl et al., J. Med. Chem. Vol. 38, 1995: 3297-3312 und 3313-3331 zu entnehmen. 

60 Da GABA B -Rezeptoren eine zentrale Rolle bei verschiedenen pathologischen Prozessen des zentralen und peripheren 
Nervensystems spielen bzw. an derartigen Prozessen beteiligt sind, sind sie gesuchte Targets fur die Entwicklung neuer 
Pharmaka. 

Rs bestand daher die Aufgabe neue GABA B -Rezeptoren oder Proteine, die mit den GABA B -Rezeptoren interagieren, 
zu identifizieren und zu charakterisieren, die moglichsi hochafiine Biiidungsstelleu fiir CjA3A B -Rezeptor-Agonisten und 
65 -Antagonisten besitzen und die damit die Entwicklung molekularer Testsysleme ermoglichen, mit denen man viele Tau- 
send verschiedene Verbindungen nach hochaffinen Substanzen in kurzer Zeit durchsuchen kann. Diese so charakterisier- 
ten und spezifisch am GABA B -Rezeptor angreifenden Substanzen sind potentielle Kandidaten ftir Wirkstoffe gegen 
Krankheiten wie Epilepsie, Schlaganfall, psychische Erkrankungen wie Angst, manischdeprcssive Erkrankungen, Schi- 
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zophrenie, Migrane und andere mehr. 

Diese Aufgabe wurde mit dem erfindungsgemaBen Proteinheteromer, enthaltend mindestens ein GABA B -Rezeptor- 
protein und mindestens ein Protein mit der in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellte Aminosauresequenz oder 
eine daraus durch Substitution, Inversion, Insertion oder Deletion von einem oder mehreren Aminosaureresten erhalth- 
chc Sequenz, wobei wcnigstcns noch eine der wesentlichen biologischcn Eigcnschaften dcs in SEQ ID NO: 2 oder SEQ 
ID NO: 4 dargestellten Proteins oder des Proteinheteromer erhalten bleibt bzw. mit dem isolierten Protein, enthaltend die 
in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellte Aminosauresequenz oder eine daraus durch Substitution, Inversion, 
Insertion oder Deletion von einem oder mehreren Aminosaureresten erhaltliche Sequenz, wobei wenigstens noch eine 
der wesentlichen biologischen Eigenschaften des in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellten Proteins erhalten 
bleibt, gelost. 

Unter den erfindungsgemaBen Proteinheteromeren sind GABA-Rezeptor-Komplexe vorteilhaft metabotrope GABA- 
Rezeptor-Komplexe enthaltend mindestens einen GABA B -Rezeptorprotein und mindestens ein Protein mit der in SEQ 
ID NO: 2 oder SEQ ID NO: 4 dargestellten Aminosauresequenz zu verstehen. In W097/46675 werden geeignete GA- 
BA B -Rezeptorproteine, die vorteilhaft in den Proteinheteromeren enthalten sein konnen, beschrieben. Diese GABAB- 
Rezcptorproicine tragen in W097/46675 die Sequenzbezcichnungen bzw. Klonnamen "SEQ ID NO: T bzw. "GA- 
BABRla rat" (kloniert aus Rattus norvegicus), "SEQ ID NO: 3" bzw. "GABABRla/b human" (kloniert aus Homo sa- 
piens), "SEQ ID NO: 5" bzw. "GABABRlb rat" (kloniert aus Rattus norvegicus) und "SEQ ID NO: 7" bzw. "GA- 
BABRlb human" (kloniert aus Homo sapiens). Auf diese Rezeptoren und die Schrift W097/46675 wird an dieser SteUe 
ausdrticklich bezug genommen. 

Unier den erfindungsgemaBen isolierten Proieinen sind Proteine zu verstehen, die eine in SEQ ID NO: 2 oder SEQ ID 20 
NO: 4 dargestellte Aminosauresequenz oder cine daraus durch Substitution, Inversion, Insertion oder Deletion von ei- 
nem oder mehreren Aminosaureresten erhaltliche Sequenz enthalten, wobei wenigstens noch eine der wesentlichen bio- 
logischen Eigenschaften des in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellten Proteins erhalten bleibt. Dabei konnen 
beispielsweise bestimmte Aminosauren durch solche mit ahnlichen physikochemischen Eigenschaften (Raumerfullung, 
Basizitat, Hydrophobizitat etc.) ersetzt werden. Beispielsweise werden Argininreste gegen Lysinreste. Valinreste gegen 25 
Isolcucinrcste oder Asparaginsaurercstc gegen Giutaniinsaurcrcste ausgctauscht. Es konnen abcr auch cin oder mchrerc 
Aminosauren in ihrer Reihenfolge vertauscht, hinzugefugt oder entfernt werden, oder es konnen mehrere dieser MaBnah- 
men miteinander kombiniert werden. Die solchermaBen gegenuber der SEQ ID NO: 2 oder SEQ ID NO: 4 veranderten 
Proteine besitzen wenigstens 60%, bevorzugt wenigstens 70% und besonders bevorzugt wenigstens 90% Sequenziden- 
titat zu den Sequenzen SEQ ID NO: 2 oder SEQ ID NO: 4 berechnet nach dem Algorithmus von "Altschul et al., J. Mol. 30 
Biol., 215, 403^110, 1990". 

Unter der wesentlichen biologischen Eigenschaft der erfindungsgemaBen Proteine bzw. Proteinheteromere sind der 
oder die transmembranen Bereiche, der aminoterminale Bereich und wesentlich der carboxyterminale Bereich des Pro- 
teins allein oder im Proteinheteromer zu verstehen (siehe Fig. 2). Diese Proteinbereiche ermoglichen die spezielle biolo- 
gische Wirkung der Proteine bzw. Proteinheteromere. Diese wesentlichen biologischen Eigenschaften beinhalten auBer- 35 
deni die hochafTinc Bindung (Kd<l0nM) spezifischer synlhetischer oder naliirlicher Agonislen und Antagonisum an die 
erfindungsgemaBen Proteine mil der in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellte Aminosauresequenz, die Signal- 
weiterleitung an ein intrazellulares G-Protein sowie die Interaktion mit den oben genannten, bekannten GABA B -Rezep- 
toren. 

Das isolierte Protein und seine funktionellen Varianten lassen sich vorteilhafterweise aus dem Gehirn von Mammalia 40 
wie Homo sapiens oder Rattus norvegicus isolieren. Auch Homologe aus anderen Mammalia sind unter funktionellen 
Varianten zu verstehen. 

Ein weiterer Gegenstand der Erfindung sind Nukleinsauresequenzen. die fiir die oben beschriebenen Proteine kodie- 
ren, insbesondere fur solche mit der in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellten Primarstruktur. Die Nukleinsau- 
resequenz aus Rattus norvegicus oder Homo sapiens ist in SEQ ID NO: 1 bzw. in SEQ ID NO: 3 dargestellt. 45 

Nach Isolierung und Sequenzierung sind die erfindungsgemaBen Nukleotidsequenzen SEQ ID NO: 1 und SEQ ID NO: 
3 oder deren funktionelle Aquivalente wie z. B. Allel varianten erhaltlich. Unter Allel varianten sind SEQ ID NO: 1- oder 
SEQ ID NO: 3- Varianten zu verstehen, die 60 bis 100% Homologie auf Aminosaureebene, bevorzugt 70 bis 100%, ganz 
besonders bevorzugt 90 bis 100% aufweisen. Allelvarianten umfassen insbesondere solche funktionellen Varianten, die 
durch Deletion, Insertion oder Substitution von Nukleotiden aus der in SEQ ID NO: 1 oder SEQ ID NO: 3 dargestellten 50 
Sequenz erhaltlich sind, wobei wenigstens noch eine der wesentlichen biologischen Eigenschaften erhalten bleibt. Ho- 
mologe oder sequenzverwandte Nukleinsauresequenzen konnen aus alien Saugerspezies einschlieBlich Mensch nach 
gangigen Vcrfahren durch Homologiescrcening durch Hybridisicrung mil einer Probe der erfindungsgemaBen Nuklein- 
sauresequenzen oder Teilen davon isoliert werden. 

Unter funktionellen Aquivalenten sind auch Homologe von SEQ ID NO: 1 oder SEQ ID NO: 3 beispielsweise ihre 55 
Homologen aus anderen Mammalia, verkurzte Sequenzen, Einzelstrang-DNA oder RNA der codierenden und nichtco- 
dierenden DNA-Sequenz zu verstehen. 

Solche funktionellen Aquivalente lassen sich ausgehend von den in SEQ ID NO: 1 oder SEQ ID NO: 3 beschriebenen 
DNA-Sequenzen oder Teilen dieser Sequenzen, beispielsweise mit ublichen Hybridisierungsverfahren oder der PCR- 
Technik aus anderen Vertebraten wie Mammalia isolieren. Diese DNA-Sequenzen hybridisieren unter Standardbedin- 60 
gungen mit den erfindungsgemaBen Sequenzen. Zur Hybrisierung werden vorteilhaft kurze Oligonucleotide der konser- 
vierten Bereiche beispielsweise aus den Transmembranbereichen oder aus dem aminoterminalen Bereich, die iiber \fer- 
gleiche mit anderen Transmembranproteinen speziell anderen GABA-Rezeptoren in dem Fachmann bekannter Weise er- 
mittelt werden konnen, verwendet. Es konnen aber auch langcre Fragmente der erfindungsgemaBen Nukleinsauren oder 
die vollstandigen Sequenzen fur die Hybridisierung verwendet werden. Je nach der verwendeten Nukleinsaure Oligonu- 65 
kieotid. langeres Fragment oder vollstandige Sequenz oder je nachdem welche Nukleinsaureart DNA oder RNA fiir die 
Hybridisierung verwendet werden, varieren diese Standardbedingungen. So liegen beispielsweise die Schmelztempera- 
luren fur DNA : DNA-Hybride ca 10°C niedriger als die von DNA : RNA-Hybriden gleicher I^ange. 
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Unier Standardbedingungen sind beispielsweise je nach Nukleinsaure Temperaturen zwischen 42 und 58°C in einer 
waBrigen Pufferlosung mit einer Konzentration zwischen 0,1 bis 5 x SSC (1 x SSC = 0,15 M NaCl, 15 mM Natriumci- 
trat, pl-l 7,2) oder zusatzlich in Gegenwan von 50% Formamid wie beispielsweise 42°C in 5 x SSC, 50% Formamid zu 
verstehen. Voneilhafterweise liegen die Hybridisierungsbedingungen fur DNA : DNA-Hybride bei 0,1 x SSC und Tem- 
5 pcraturcn zwischen etwa 20°C bis 45°C, bevorzugt zwischen ctwa 30°C bis 45°C. Fur DNA : RNA-Hybridc liegen die 
Hybridisierungsbedingungen vorteilhaft bei 0,1 x SSC und Temperaturen zwischen etwa 30°C bis 55°C, bevorzugt zwi- 
schen etwa 45°C bis 55°C. Diese angegebenen Temperaturen fur die Hybridisierung sind beispielhaft kalkulierte 
Schmelztemperaturwerte fur eine Nukleinsaure mit einer Lange von ca. 100 Nukleotiden und einem G + C-Gehalt von 
50% in Abwesenheit von Formamid. Die experimentellen Bedingungen fiir die DNA-Hybridisierung sind in einschlagi- 
10 gen Lehrbiichern der GeneLik wie beispielsweise Sambrook el al., "Molecular Cloning", Cold Spring Harbor Laboratory, 
1989, beschrieben und lassen sich nach dem Fachmann bekannten Formeln beispielsweise abhangig von der Lange der 
Nukleinsauren, der Art der Hybride oder dem G + C-Gehalt berechnen. Weitere Informationen zur Hybridisierung kann 
der Fachmann folgenden Lehrbiichem entnehmen: Ausubel et al. (eds), 1998, Current Protocols in Molecular Biology, 
John Wiley & Sons, New York; Hames and Higgins (eds), 1985, Nucleic Acids Hybridization: A Practical Approach, 
15 IRL Press at Oxford University Press, Oxford; Brown (cd), 1991, Essential Molecular Biology: A Practical Approach, 
IRL Press at Oxford University Press, Oxford. 

AuBerdem sind unter Homologe der Sequenzen SEQ ID NO: 1 und SEQ ID NO: 3 Derivate wie beispielsweise Pro- 
motorvarianten zu verstehen. Die Promotoren, die den angegebenen Nukleotidsequenzen gemeinsam oder einzeln vor- 
geschaltet sind, konnen durch ein oder mehrere Nukleotidaustausche, durch Insertion(en) und/oder Deletion(en) veran- 
20 dert scin, ohnc daB aber die Funktionalitat b/.w. Wirksanikeit der Promotoren becintrachtigl sind. Des weitcren konnen 
die Promotoren durch Veranderung ihrcr Sequcnz in ihrer Wirksamkcit erhoht oder komplctt durch wirksamere Promo- 
toren audi artfremder Organismen ausgetauscht werden, 

Unter Derivaten sind auch vorteilhaft Varianten zu verstehen, deren Nukleotidsequenz im Bereich - 1 bis - 1000 vor 
dem Startkodon so verandert wurden, daB die Genexpression und/oder die Proteinexpression verandert, bevorzugt erhoht 
25 wird. Weiterhin sind unter Derivaten auch Varianten zu verstehen, die am 3'-Ende verandert wurden. 

Fiir einc optimalc Expression heterologcr Gene in Organismen ist es vorteilhaft die Nukleinsauresequenzen cntspre- 
chend des im Organismus verwendeten spezifischen "codon usage" zu verandern. Der "codon usage" laBt sich anhand 
von Computerauswertungen anderer, bekannter Gene des betrefVenden Organismus leicht ermitteln. 

Weiterhin ist es von Voneil die erfindungsgemaBen Nukleinsauren SEQ ID NO: 1 oder SEQ ID NO: 3 allein oder die 
30 Nukleinsauren SEQ ID NO: 1 oder SEQ ID NO: 3 und eine Sequenz, die fur einen GABA B -Rezeptorprotein kodiert, 
funktionell mit inindestens einein genelischen Regulationseleinenl zu den erfindungsgemaBen rekombinanten Nuklein- 
saure konstrukten zu verkniipfen. 

Dazu werden die erfindungsgemaBen Nukleinsauresequenzen ublicherweise mit genetischen Regulationselementen 
wie Transkriptions- und Translationssignalen funktionell verknupft. Diese Verkniipfung kann je nach gewiinschter An- 
35 wendung zu einer Erhohung oder Erniedrigung der Genexpression fuhren. Mit den solchermaBen hergestellten rekombi- 
nanten Nukleinsaurckonstrukten werden anschlieBendWirtsorganismen transferrin ert. Zusatzlich zu dicsen neucn Regu- 
laiionssequcnzcn kann die naturliche Regulation dieser Sequenzen vor den cigcntlichen Strukturgencn noch vorhanden 
sein und gegebenenfalls genetisch verandert worden sein, so daB die naturliche Regulation ausgeschaltet und die Expres- 
sion der Gene erhoht wurde. Das Genkonstrukt kann aber auch einfacher aufgebaut sein, das heiBt es werden keine zu- 
40 satzlichen Regulationssignale vor die Sequenzen inseriert und der naturliche Promotor mit seiner Regulation wird nicht 
entfemt. Stattdessen wird die naturliche Regulationssequenz so mutiert, daB keine Regulation mehr erfolgt und die Gen- 
expression gesteigcrt wird. Auch am 3-Endc der Nukleinsaure-Sequenzcn konnen zusatzlichc vorteilhaftc rcgulatorischc 
Elemente inseriert werden. Die Nukleinsauresequenzen fiir die Sequenzen SEQ ED NO: 1 oder SEQ ID NO: 3 und/oder 
fiir die GABA B -Rezeptorproteine konnen in einer oder mehreren Kopien im Genkonstrukt enthalten sein, oder auf ge- 
45 trennten Genkonstrukten lokalisiert sein. 

Vorteilhafte Regulationssequenzen fur das erfindungsgemaBe Verfahren sind beispielsweise in Promotoren wie cos-, 
tac-, trp-, tel-, trp-tet-, Ipp-, lac-, lpp-lac-, laclq-, T7-, T5-, T3-, gal-, trc-, ara-, SP6-, 1-PR- otier im 1 -PL-Promotor ent- 
halten, die voneilhafterweise in gram-negativen Bakterien An wendung finden. Weitere vorteilhafte Regulationssequen- 
zen sind beispielsweise in den gram-positiven Promotoren wie amy und SP02, in den Hefepromotoren wie ADC1, MFa, 
50 AC, P-60, CYC 1 , GAPDH oder in Mammaliapromotoren wie CaM-KinaseH, CMV, Nesun, L7, BDNF, NF, MBP, NSE, 
P-Globin, GFAP, GAP43, TVrosin Hydroxylase, Kainat-Rezeptor-Untereinheit 1, Glutamat-Rezeptor-Untereinheit B 
enthalten. 

Prinzipiell konnen alle natiirlichcn PromoLoren mit ihren Regulationssequenzen wie die oben genannten verwendet 
werden. Dariiberhinaus konnen auch synthetische Promotoren vorteilhaft verwendet werden. 
55 Diese regulatorischen Sequenzen sollen die gezielte Expression der Nukleinsauresequenzen und der Proteinexpres- 
sion ermoglichen. Dies kann beispielsweise je nach Wirtsorganismus bedeuten, daB das Gen erst nach Induktion expri- 
miert oder uberexprimiert wird, oder daB es sofort exprimiert und/oder uberexprimiert wird. 

Die regulatorischen Sequen/en bzw. Faklorcn konnen dabei vor/ugsweise die Expression positiv becinflussen undda- 
durch erhohen. So kann eine Verstarkung der regulatorischen Elemente voneilhafterweise auf der Transkriptionsebene 
60 erfolgen, indem starke Transkriptionssignale wie Promotoren und/oder "Enhancer" verwendet werden. Daneben ist aber 
auch eine Verstarkung der Translation moglich, indem beispielsweise die Stabilitat der mRNA verbessert wird. 

Unter "Enhancer" sind beispielsweise DNA-Sequenzen zu verstehen, die uber eine verbesserte \techselwirkung zwi- 
schen RNA-POlymerase und DNA eine erhohte Expression bewirken. Als weitere Regulationssequenzen seien beispiel- 
haft die locus control regions, silencer oder jeweilige Teilsequenzen da von genannt. Diese Sequenzen kounen vorteilhaft 
65 fiir eine gewebespezifische Expression verwendet werden. 

Eine bevorzugte Ausfuhrungsform ist die Verkniipfung der erfindungsgemaBen Nukleinsauresequenz mit einem Pro- 
motor, wobei der Promotor 5* up stream zu liegen kommt. Weitere Regulationssignale wie 3' gelegene Terminatoren oder 
Polyadenylierungssignale oder Enhancer konnen funktionell in dem Nukleinsaurekonslrukl Anwendung finden. 
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Un'.er dem Begriff des erfindungsgemaBen "rekombinanten Nukleinsaurekonstrukts bzw. Genkonstrukts" sind auch 
komplette Vektorkonstrukte zu verstehen. Diese Vekiorkonstrukte oder Vektoren werden zur Expression in einem geeig- 
neten Wirtsorganismus verwendet. Voneilhafterweise werden die erfindungsgemaBen Nukleinsauren und/oderdie Gene 
fur die G ABA B -Rezeptoren in einen wirtsspezifischen Vektor inseriert, der eine optimale Expression der Gene im ausge- 
suchtcn Wirt crmoglicht. Vektoren sind dcm Fachmann wohl bckannt und konnen bcispielsweise aus dem Buch Cloning 5 
Vectors (Eds. Pouwels P. H. et al. Elsevier, Amsterdam-New York-Oxford, 1985, ISBN 0 444 904018) entnommen wer- 
den. Unter Vektoren sind auBer Plasmiden auch alle anderen dem Fachmann bekannten \fektoren wie beispielsweise Pha- 
gen, Viren wie SV40, CMV, Baculovirus, Adenovirus, Transposons, IS-Elemente, Phasmide, Phagemide, Cosmide, li- 
neare oder zirkulare DNA zu verstehen. Diese Vektoren konnen autonom im Wirtsorganismus repliziert oder chromoso- 
mal repliziert werden. Fur die Integration in Mammalia wird vorteiihaft linearc DNA verwendet, 10 

Die Expression der erfindungsgemaBen Nukleinsauresequenzen bzw. des rekombinanten Nukleinsaurekonstrukts 
kann vorteiihaft durch Erhohen der Genkopienzahl und/oder durch Verstarkung regulatorischer Faktoren, die die Genex- 
pression positiv beeinflussen, erhoht werden. So kann eine Verstarkung regulatorischer Elemente vorzugsweise auf der 
Transkriptionsebene erfolgen, indem starkere Transkriptionssignale wie Promo toren und Enhancer verwendet werden. 
Daneben ist abcr auch cine Verstarkung der Translation moglich, indern beispielsweise die Stabililal der inRNA verbes- 15 
sert, oder die Ableseeffizienz dieser mRNA an den Ribosomen erhoht wird. 

Zur Erhohung der Genkopienzahl konnen die Nukleinsauresequenzen oder homologe Gene, beispielsweise in ein Nu- 
kleinsaurefragment bzw. in einen Vektor eingebaut werden, der vorzugsweise die den jeweiligen Genen zugeordnete, re- 
gulatorische Gensequenzen oder analog wirkende Promotoraktivitat enthalt. Insbesondere werden solche regulatorische 
Sequenzen verwendet, die die Genexpression verstarken. 20 

Die erfindungsgemaBen Nukleinsauresequenzen konnen zusammcn mit den fur die GABA B -Rezeptoren kodierenden 
Sequenzen in einen einzelnen Vektor kloniert werden und anschlieBend in dem gewunschten Organismus exprimiert 
werden. Altemativ kann auch jede der beschriebenen Nukleinsauresequenzen und die fur die GABA D -Rezeptoren kodie- 
renden Sequenzen in je einen einzelnen Vektor gebracht und diese getrennt in den jeweiligen Organismus iiber ubliche 
Methoden wie Transformation, Transfekuon, Transduktion, Elektrophoration oder Partikel-Gun verbracht werden. 25 

Daruberhinaus kann das crfindungsgcmaBe Nukleinsaurckonstrukt oder die erfinungsgcmaBen Nukleinsauren auch in 
Form therapeutisch oder diagnostisch geeigneter Fragmente exprimiert werden. Zur Generierung des rekombinanten 
Proteins konnen Vektorsysteme oder Oligonukleotide verwendet werden, die die Nukleinsauren oder das Nukleinsaure- 
konstrukt um bestimmte Nukleotidsequenzen verlangern und damit fur veranderte Polypeptide kodieren, die einer einfa- 
cheren Reinigung dienen. Als solche "Tags" sind in der Literatur z. B. Hexa-Histidin-Anker bekannt oder Epitope, die als 30 
Antigene verschiedener Antikorper erkannl werden konnen (Studier et al, Meth. Enzyinot., 185, 1990: 60-89 und Aus- 
ubel et al. [eds.]m 1998, Current Protocols in Molecular Biology, John Wiley & Sons, New York). 

Als Wirtsorganismen sind prinzipiell alle Organismen geeignet, die eine Expression der erfindungsgemaBen Nuklein- 
sauren, ihrer Allelvarianten, ihrer funktionellen Aquivalente oder Derivate oder des rekombinanten Nukleinsaurekon- 
strukt ailein oder zusammen mit einer Sequenz, die fur GABAs-Rezeptorproteine kodiert, ermoglichen. Unter Wu-tsor- 35 
ganisnien sind beispielsweise Bakterien, Pilze, Hefen, pfianzliche oder lierische Zellcn zu verstehen. Bevorzugte Oiga- 
nismen sind Bakterien wie Escherichia coli, Streptomyces, Bacillus oder Pscudomonas, eukaryotische Mikroorganismen 
wie Saccharomvces cerevisiae, Aspergillus, hohere eukaryotische Zellen aus Men sen oder Tier, beispielsweise COS-, 
Hela-, HEK293-, Sf9- oder CHO-Zellen. 

Gewunschtenfalls kann das Genprodukt auch in transgenen Oiganismen wie transgenen Tieren z. B. Mausen, Ratten, 40 
Schafen, Rindern oder Schweinen zur Expression gebracht werden. Auch transgene Pflanzen sind im Prinzip denkbar. 
Bci den transgenen Organismen kann es sich auch um sogenannte Knock- Out Tiere handcln. 

Dabei konnen die transgenen Here eine funktionelle oder nicht funktionelle erfindungsgemafie Nukleinsauresequenz 
oder ein funktionelles oder nicht funktionelles Nukleinsaurekonstrukt allein oder in Kombination mit einer funktionellen 
oder nicht funktionellen Sequenz, die fiir GABAs-Rezeptorproteine kodiert, enthalten. 45 

Eine weitere erfindungsgemafie Ausgestaltung der oben beschriebenen transgenen Tiere sind transgene Tiere, in des- 
sen Keimzellen oder der Gesaihtheit oder einem Teil der somatischen Zellen; oder in dessen Keimzellen und der Gesamt- 
heit oder einem Teil der somatischen Zellen die erfindungsgemaBen Nukleotidsequenz durch gentechnische Verfahfen 
verandert oder durch Einfugen von DNA-Elementen unterbrochen wurden. 

Die Kombination aus dem Wirtsorganismen und den zu den Organismen passenden Vektoren wie Plasmide, Viren 50 
oder Phagen wie beispielsweise Plasmide mit dem RNA-Polymerase/Promoter System, die Phagen 1, Mu oder andere 
temperanle Phagen oder Transposons und/oder weiteren vorleilhaften regulatorischen Sequenzen bilden ein Expressi- 
onssystem, Bcvorzugt sind unter dem Begriff Exprcssionssystcme beispielsweise die Kombination aus Saugetierzellen 
wie CHO-Zellen und vektoren wie pcDNA3neo- Vektor oder HEK293-Zellen und CMV- Vektor, die fur Saugetierzellen 
geeignet sind, zu verstehen. 55 

Die In-situ Hybridisierung mit der Sequenz SEQ ID NO: 2 oder Teilen davon ergab eine starke Expression in Hippo- 
kampus, Cortex, Cerebellum sowie in thalamischen Kemen (siehe Fig, 1 und Beispiele). Fig. la und lb geben die Ex- 
pressionsanalyse der zu SEQ ID NO: 1 korrespondierenden mRNA wieder. la zcigt den Northern blot, lb die in situ-Hy- 
bridisierung (siehe Beispiel 3 und 4). Das Expressionsmuster uberlappt mit dem des GABAB-Rezeptors und deutet auf 
eine wichtige zentralnervose Funktion des in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellten Proteins hin. Der Hippo- 60 
kampus ist die entscheidende Hirnstruktur fiir die Speicherung neuer Gedachtnisinhalte. Ein Protein mit der Sequenz 
SEQ ID NO: 2 ist damit ein interessantes Target fiir das Verstandnis in Bezug auf Lernen und Gedachtnis und fur die Ent- 
wicklung neuer kognitiver Enhancer. Als Teil des limbischen Systems beeinfluBt der Hippocampus auch Stimmungen 
und Ciefuhle. Ciegen SEQ ID NO: 2 oder SEQ ID NO: 4 und ihre funkdonelien Aquivalente, Homologe oder De-rivatc ge- 
richtete Pharmaka stellen damit potentielle Antidepressiva oder Anxiolytika dar und konnen bei cognitiven Erkrankun- 65 
gen verwendet werden. SchlieBlich ist der Hippokampus stark in Temporallappenepilepsien involviert, was ein Protein 
mit SEQ ID NO: 2 oder SEQ ID NO: 4 zu einem attrakdven Target fiir neue Medikamente gegen diese haufige Erkran- 
kung macht. Im Cortex befinden sich Regionen, die sensorische Infonnationen inlegrieren, verarbeiten und in geeignete 
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Reaktionen umwandeln. Diese sensorischen und motorischen Zecitren sind oft auch Ausgangspunkte fur epileptische An- 
falle. Eine gezielte Beeinflussung der erfindungsgemaBen Proteine oder des erfindungsgemaBen Proteinheteromer 
konnte die Krampfwahrscheinlichkeit bei Epilepsipatienten senken. Die thalamischen Kerne sind dem Cortex vorge- 
schaiiet, integrieren die iiber die Sinnesorgane aufgenommenen Wahmehmungen und leiten sie an corticale Strukturen 

5 wcitcr. Sie sind haufig der Ausgangspunkt fur gencralisiertc Krampfanfalle. Die starkc Expression der erfindungsgema- 
Ben Proteine oder des Proteinheteromers in den thalamischen Kernen deutet darauf hin, daB seine Aktivierung oder seine 
Inhibition zur Linderung von Krampfanfallen in Epilepsipatienten beitragen kann. Die cerebellaren Verknupfungen sind 
maBgeblich fur die Feinkoordinauon der Bewegungen verantwortlich. Ataxien und andere motorische Erkrankungen 
konnten auf einer Deregulation eines Proteins mit der erfindungsgemaBen Nukleinsauresequenz beruhen. Die erfin- 

10 dungsgeinaBen Proteinheterornere oder Proteine stellen darnit intercssante Targets fur die Entwicklung neuer Subslanzen 
dar, die zur Herstellung von Medikamenten zur Behandlung von Krankheiten wie neuroiogische Erkrankungen wie Epi- 
lepsia Schlaganfali, psychische Erkrankungen wie Angst, manisch-depressive Erkrankungen, Migrane, kognitive Verlu- 
ste und weiteren neurologischen Erkrankungen. 

Substanzen die eine Wirkung gegenuber GABA B -Rezeptoren aufweisen sind beispielsweise als Agonist Baclofen und 

1 5 seine Deri vate und als Antagonist Phaclofen, Saclofen und Deri vatc. Diese Substanzen sowic weitcre wirksaine Substan- 
zen sind J. Med. Chem., 38, 1995: 3313-3331, J. Med. Chem., 38, 1995: 3297-3312 und W097/46675 zu entnehmen. 
Diese Substanzen wirken mit hoher Wahrscheinlichkeit auch gegenuber dem erfindungsgemaBen Proteinheteromer oder 
dem erfindungsgemaBen Protein. Verrnudich lassen sich mit Hilfe der erfindungsgemaBen Proteine ( ^Proteinheteromer 
+ isolienes Protein) leichter agonistisch starker wirkende Substanzen entwickeln. Mit Hilfe der neuen Proteine konnen 

20 selcktivere Substanzen entwickclt werden. 

Das C Jen fiir den bcreits bekanntcn GAB Au-Rczeptor befindet sich in der Nahe des chromosomalcn Locus, der mit der 
juvenilen, myocloniscben Epilepsie assoziiert ist. Diese Korrelation konnte auBerdem ein neues Diagnoseverfahren fur 
diese verbreitete Epilepsieform ermoglichen. Gleiches gilt fur die erfindungsgemaBen Proteine. Die Nukleotidsequenzen 
SEQ ID NO: 1 und SEQ ID NO: 3 kann dazu verwendet werden, Gene fur mENAs; die fur diese Nukleinsauren oder de- 

25 ren funktionellen Aquivalente, Homologe oder Derivate kodieren, im murinen und im menschlichen Genom mit gangi- 
gen Methoden durch Homologiescrccning zu isolicren und zu kartieren und mit Markern fur humane Erbkrankhciten zu 
korrelieren. Dies ermoglicht die Identifizierung des Gens als Ursache fur bestimmte Erbkrankheiten, was ihre Diagnose 
erheblich vereinfacht und neue Therapieansatze ermoglicht. Mit Hilfe der Nukleinsauren als Marker lassen sich damit 
Erbkrankheiten diagnostizieren. 

30 Die Erfindung betrifft auBerdem die Verwendung der erfindungsgemaBen Nukleinsauren oder Teilen davon zur Gen- 
therapie. Auch zu den erfindungsgemaBen Nukleinsaure oder Teilen davon koinplementare Sequenzen konnen zur Gen- 
therapie verwendet werden. 

Eine weitere Moglichkeit des Einsatzes der Nukleotidsequenz oder Teilen davon ist die Erzeugung transgener oder 
knock-out- oder konditioneller oder regionenspezifischer knock-out Tiere oder spezifischer Mutationen in gentechnisch 

35 veranderten Tieren (Ausubel et al, [eds]. 1998, Current Protocols in Molecular Biology, John Wiley & Sons, New York 
und Torres el al., [eds.]m 1997, Laboratory protocols for conditional gene targeting, Oxford University Press, Oxford). 
Uher transgene uberexprcssion oder genetische Mutation (Nullrnutation oder spezifische Deletionen, Inscrtionen oder 
Veranderungen) durch homologe Rekombination in embryonalen Stammzellen kann man liermodelle erzeugen, die 
wertvolle weitere Informationen iiber die (Patho-)Physiologie der erfindungsgemaBen Sequenzen allein oder in Komplex 

40 mit dem G ABA B -Rezeptor liefern. SolchermaBen hergestellte Tiermodelle konnen essentielle Testsysteme zur Evaluie- 
rung neuartiger Therapeutika darstellen, die die Signaltransduktion von GABAB-Rezeptoren beeinflussen. 

Die Interaktion des bekanntcn GABA B -Rezeptors mit dem neuen erfindungsgemaBen, beschriebenen 7-Transmcm- 
branregionen-Protein, das mit dem two-hybrid System entdeckt wurde, spielt eine wichtige physiologische Rolle. Dieser 
uberraschende Befund ermoglicht neue auBerordentliche Behandlungsmogiichkeiten im Hinblick auf die o.g. neurolo- 

45 gischen und psyehischen Erkrankungen, die mit dem GABAs-Rezeptor im Zusammenhang stehen. Niedermolekulare 
Effektoren oder Peptide, die diese Interaktion positiv oder negativ beeinflussen, sind Wirkstoffe, die in die GABAerge 
Sigrialtransduklion eingreifen und damit als neue Klasse von Pharmaka zuin Einsatz kommen konnen. Die direkte ino- 
lekulare Interaktion zwischen zwei unterschiedlichen metabotropen Rezeptoren war bislang nicht bekannt. Ebenso sind 
bislang keine Substanzen beschrieben, die die Interakdon zwischen zwei unterschiedlichen metabotropen Rezeptoren 

50 beeinflussen und dadurch die Signaltransduktion iiber diese Rezeptoren modulieren. Die Verwendung des erfindungsge- 
maBen Proteinheteromer ermoghcht damit die Entwicklung neuer Wirkstoffe bzw. Wirkstoffklassen. 

Durch Verwendung der erfindungsgemaBen Nukleinsauresequenz, des Nukleinsaurekonstrukts, eines erfindungsge- 
itiaBeri Prolcinheteroineren oder des Proteins konnen Proteine identifizicrt werden, die zum Protein he tcromeren oder 
zum Protein spezifische Bindungsaffinitaten aufweisen, oder zur Identifizierung von Nukleinsauren, die fur Proteine ko- 

55 dieren, die zum Proteinheteromeren oder zum Protein spezifische Bindungsaffinitaten aufweisen. Vorteilhafterweise 
werden hierzu das two-hybrid System oder andere biochemische Verfahren allein oder in Kombination verwendet. Es 
lassen sich so Interaktionsdomanen von metabotropen Rezeptoren und damit pharmakotherapeutische Interventions- 
puriktc bestiimneh; 

Daher ist ein CJegenstand der Erfindung die Verwendung des two-hybrid Systems oder biochemischer Verfahren zur 
60 Identifizierung der Interaktionsdomanen von metabotropen Rezeptoren und die Verwendung zur pharmakotherapeuti- 
schen Intervention. 

Uber Strukturanalysen des Proteinheteromer oder des erfindungsgemaBen Proteins lassen sich gezielt Substanzen fin- 
den, die eine spezifische Bindungsaffinitat aufweisen. 

Die beschriebenen Sequenzen SEQ ID NO: I und SEQ ID NO: 3 ermoglichen, mit Hilfe des two-hybrid Systems oder 
65 anderen Assays, die fur die Interaktion verantwortlichen Aminosauren einzugrenzen und Substanzen zu finden, mit de- 
nen die Interaktion zwischen den beiden metabotropen Rezeptoren beeinflusst werden kann. Die \ferwendung von Sub- 
stanzen, die die physikalische Interaktion von zwei metabotropen Rezeptoren beeinflussen, fur die Behandlung von 
Krankheiten, stellt unabhangig von dem speziellen hier fur den GABA B -Rezeptor beschriebenen Fail ein neues phanna- 
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kologisches Prinzip dar. 

Dies ermdglicht ein Verfahren zum Auffinden von Substanzen mil spezifischer Hindu ngsafhnitat zum erfindungsge- 
maBen Proteinheteromer bzw. Protein, das folgende Schritte umfaBt. 

a) Inkubation dcs odcr dcr Proteinc nut dcr zu tcstcndcn Substanz. 5 

b) Detektion der Bindung der zu testenden Substanz an das Protein. 

Die Detektion der Bindung erfolgt durch Messen der Antagonisierung oder Agonisierung der GABA B -Rezeptor-Ak- 
tivitat oder durch Messen einer physiologischen Wirkung, wie z. B. einer Anderung der Calcium-, cAMP-, IP3-Konzen- 
tration oderdes Menibninpotentials. 10 

WeiLere Ausgestaltungsformen der Erfingung sind ein Verfahren zum Auffinden von Substanzen, die die Inleraktion 
von Proteinen mit Aminosauresequenzen, wie sie in SEQ ID NO: 2 bzw. SEQ ID NO: 4 dargestellt werden, mit anderen 
metabotropen Rezeptoren hemmen oder verstarken; ein Verfahren zum Auffinden von Substanzen, die die Interaktion 
von Liganden mit dem erfindungsgemaBen Proteinheteromer oder dem erfindungsgemaBen Proteinen mit Aminosaure- 
sequenzen wie SEQ ID NO: 2 bzw. SEQ ID NO: 4 hemmen oder vcrsiarken oder ein Verfahren zum Auffinden von Sub- 15 
stanzen, die die Interaktion von Proteinen mit Aminosauresequenzen wie SEQ ID NO: 2 bzw. SEQ ID NO: 4 mit G-Pro- 
teinen oder anderen Signaltransdukuonsmolekulen hemmen oder verstarken. Die Interaktion von Proteinen mit den er- 
findungsgemaBen Aminosauren laBt sich mit Hilfe des Two- hybrid Systems detektieren. Weiter lassen sich die Verfahren 
durch Expression der Proteine in eukaryotischen Zellen und Verkntipfung mit einem Reporter- As say fur die Aktivierung 
des G AB A H -Rezeptors durchfuhrcn. Dabei wird beispielsweise die Anderung dcs c AMP-Spicgels odcr dcs Mcmbranpo- 20 
tentials dctekticrt. 

Weiterhin betrifft die Erfindung ein Verfahren zur qualitativen und quantitativen Bestimmung von Proteinen mit Ami- 
nosauresequenzen wie SEQ ID NO: 2 oder SEQ ID NO: 4 unter Benutzung von spezifischen Agonisten oder Antagoni- 
sten. Dabei wird die GABAB-Rezeptor-Ligandenbindung zur Detektion ausgenutzt. 

Uber Antikdrper kann die Proteinaktivitat der Proteine mit den Sequenzen SEQ ID NO: 2 oder SEQ ID NO: 4 be- 25 
stimmt werden. Daher ist ein weitcrcr Gegenstand der Erfindung ein Verfahren zur Quantifizicrung dcr Proteinaktivitat 
eines Proteins mit den Sequenzen SEQ ID NO: 2 oder SEQ ID NO: 4. 

Die regulatorischen Sequenzen der erfindungsgemaBen Nukleinsauren, insbesondere der Promotor, die Enhancer, lo- 
cus control regions und silencer oder jeweilige Teilsequenzen davon konnen fur die gewebespezifische Expression von 
diesem und weiteren Genen verwendet werden. Damit ergibt sich die Mdglichkeit, gehirnspezifische Genexpression von 30 
Nukleinsaurekdnslruklen durchzufuhren. 

Um ein DNA-Fragment zu isolieren, das die Bereiche enthalt, die die Transkription der Sequenzen SEQ ID NO: 1 oder 
SEQ ID NO: 3 regulieren, wird zunachst eine genomische Bank mit einer moglichst weit 5'-positionierten cDNA-Probe 
durchsucht. Dazu wird eine dem Fachmann geiaufige Homologies uche durchgefuhrt (Ausubel et al. [eds.], 1998, Current 
Protocols in Molecular Biology, John Wiley & Sons, New York). Auf dem isoiierten DNA-Fragment wird dann der Tran- 35 
skriptionsstart idcniifiziert. Der Bcrcich vor dem TranskripLionssiarl wird anschlieBend mil einem Reporlcrgen wie p- 
Galacto.sida.se oder GFP ( = green fluorescent protein) verkniipfL und in Zellen oder in transgenen Ticrcn wie Miiusen dar- 
aufhin getestet, ob er zu dem fur SEQ ID NO: 1 oder SEQ ID NO: 3 spezifischen Expressionsmuster ruhrt (Ausubel et al. 
siehe oben). Das Reportergen kann anschlieBend mit anderen cDNAs verkniipft werden, um Tierrnodelle zu erstellen, in 
denen die jeweilige cDNA regionspezifisch exprimiert wird (siehe beispielsweise Oberdick el al., Science, 248, 40 
1990: 223-226). 

Ausgehend von den Aminosauresequenzen SEQ ID NO: 2 odcr SEQ ID NO: 4 konnen synlhctischc Peptide generiert 
werden, die als Antigene fur die Produktion von Antikorpern eingesetzt werden. Es ist auch mdglich, das Polypeptid oder 
Bruchstucke davon zur Generierung von Antikorpern einzusetzen. Mit Antikorpern sind sowohl polyklonale, monoklo- 
naie, humane oder humanisierte oder rekornbinante Antikdrper oder Fragmente davon, single chain Antikdrper oder auch 45 
synthetische Antikdrper gemeint. Unter erfindungsgemaBen Antikorpern oderderen Fragmente sind prinzipiell alle Im- 
munoglobulinklassen wie IgM, IgG, IgD, IgE, IgA oder ihre Subklassen wie die Subklassen des IgG oder deren Mi- 
schungen zu verstehen. Bevorzugt sindlgCi und seine Subklassen wie beispielsweise IgGi, IgC3 2 , IgG2a» IgC^b* IgCi^ oder 
IgG\i. Besonders bevorzugt sind die IgG Subtypen IgGi/K oder IgG2b/K. Als Fragmente seien alle verkiirzten oder ver- 
anderten Antikdrperfragmente mit einer oder zwei dem Antigen-kompiementaren Bindungsstellen, wie Antikorperteile 50 
mit einer den Antikorper entsprechenden von leichter und schwerer Kette gebildeten Bindungsstelle wie Fv-, Fab- oder 
F(ab')2-Fragmente oder Ei n ze Is Iran g fragmente, gerannt. Bevorzugl sind verkurzte DoppelslrangfraginenLe wie Fv-, Fab- 
oder F(ab')2- Diese Fragmente konnen beispielsweise auf enzymatischcni Wegc (lurch Abspaliung des Fc-Teils der An- 
tikdrper mit Enzymen wie Papain oder Pepsin, durch chemise he Oxidation oder durch gentechnische Manipulation der 
Antikdrpergene erhalten werden. Auch genmanipulierte nichtverkurzie Fragmente konnen vorteiihaft verwendet wer- 55 
den. 

Die Antikorper oder Fragmente konnen allein oder in Mischungen verwendet werden. 

Die Antikorpcrgcne fiir die gentechnischen Manipulaiioncn lassen sich in dem Fachmann bekannicrweise beispiels- 
weise aus den Hybridomzellen isolieren (Harlow, E. and Lane, D. 1988, Antibodies: A Laboratory Manual, Cold Spring 
Harbor Press, N. Y.; Ausubel et al., leds], 1 998, Current Protocols in Molecular Biology, John Wiley & Sons, New York). 60 
Dazu werden Antikorper-produzierende Zellen angezogen und die mRNA bei ausreichender optischer Dichte der Zellen 
uber Zellyse mit Guanidiniumthiocyanat, Ansauern mit Natriumacetat, Extraktion mit Phenol, Chloroforrn/Isoamylalko- 
hol, Fallungen mit isopropanol und Waschen mit Et.hanol aus den Zellen in bekannter Weise isoliert. AnschlieBend wird 
mit Hilfe der Reversen Transcriptase cDNA aus der iiiRNA synthetisicn. Die synthctisierte cDNA kann direkt oder nach 
genetischer Manipulation beispielsweise durch "site directed mutagenesis", Einfuhrung von Insertionen, Inversionen, 65 
Deletionen oder Basenaustausche in geeignete tierische, pilzliche, bakterielle oder virale Vektoren inseriert und in den 
entsprechenden Wirtsorganismen exprimiert werden. Bevorzugt werden bakterielle oder Hefe Vektoren wie pBR322, 
pUCl8/l 9, pACYCl 84, Lambda oder Hefe- mu- Vektoren zur Klonierung der Gene und die Expression in Bakterien wie 
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E. coli bzw. in der Hefe wie Saccharomyces cerevisiae. 

Spezifische Anukorper gegen die erfindungsgemaBen Proteine konnen sich sowohl als diagnosiische Reagenzien als 
auch als Thcrapeutika bei neurologischen oder psychiatrischen Krankheitsbildem eignen. 

Weiterhin konnen die cDNA, die genonaische DNA, die regulatorischen Elemente der findungsgemaBen Nukleinsau- 

5 rcsequcnzcn, als auch das Polypeptide sowic Teilfragmcntc davon in rekombinantcr odcr nichtrekombinanter Form zur 
Ausarbeitung eines Testsystems verwendet werden. Dieses Testsystem ist geeignet, die Aktivitat des Promotors oder des 
Proteins in Anwesenheit der Testsubstanz zu messen. Bevorzugt handelt es sich hierbei urn einfache MeBmethoden (ko- 
lorimetrische, luminometrische, auf Fluoreszenz beruhende oder radioaktive), die die schnelle Messung einer Vielzahl 
von Testsubstanzen eriauben (Bohm, Klebe, Kubinyi, 1996, Wirkstoffdesign, Spektrum-Verlag, Heidelberg). Die be- 

10 schriebenen Testsysteme eriauben das Durchsuchen von chemischen Bibliotheken nach Substan/.en, die agonislische 
oder antagonistische Wirkungen auf SEQ ID NO: 2 oder SEQ ID NO: 4 oder den neuen GABA B -Rezeptor-Komplex, be- 
stehend aus dem bereits beschriebenen GABA D -Rezeptor und dem in SEQ ED NO: 2 oder SEQ ID NO: 4 beschriebenen 
Protein, haben. Die Identifizierung solcher Substanzen stellt den ersten Schritt auf dem Weg zur Identifizierung neuarti- 
ger Medikamente dar, die spezifisch auf die GABAerge Signaltransduktion wirken. 

15 Bin altemaUvcr Weg zur Entwicklung von WirksLoffcn, die am neuen GABA B -Rezcplor angrcifen, besteht im raliona- 
len Drug Design (Bohm, Klebe, Kubinyi, 1996, Wirkstoffdesign, Spektrum-Verlag, Heidelberg). Hier wird die Struktur 
oder eine Teilstruktur von dem in SEQ ID NO: 2 oder SEQ ID NO: 4 dargesteUten Protein, soweit sie vorliegt, oder ein 
von Computern erstelltes Modell der Struktur, benutzt, um mit Unterstutzung von Molecular Modelling Programmen 
Strukturen zu finden, fur die sich eine hone Affinitat an den GABA B -Rezeptor vorhersagen laBt. Diese Substanzen wer- 

20 den dann synihciisiert und getestel, Hochaflinc, sclektive Substanzen werden auf ihrc Verwendung als Medikaincnte gc- 
gen Epilepsie, Schlaganfall und andcre ncurologische Erkrankungen getcstet. 

Die Bestimmung von Menge, Aktivitat und Verteilung des neuen GABA B -Rezeptor-Komplexes oder von dem in SEQ 
ID NO: 2 oder SEQ ID NO: 4 dargesteUten Protein oder seiner zugrundeliegenden mRNA im menschlichen Korper kann 
zur Diagnose, Erfassung der Predisposition und zum Monitoring bei bestimmten Erkrankungen dienen. Desgleichen 

25 kann die Sequenz der cDNA der Sequenzen SEQ ID NO: 2 oder SEQ ID NO: 4 sowie der genornischen DNA zu Aussa- 
gen iibcr genctischc Ursachcn und Pradispositioncn bestimmter Erkrankungen herangczogen werden. Dazu konnen so- 
wohl DNA/RNA-Proben als auch A nti korper verschiedenster Art benutzt werden. Dabei dient die beschriebene Nukleo- 
tidsequenz SEQ ID NO: 1 oder SEQ ID NO: 3 oder Teile davon in Form geeigneter Proben zur Aufdeckung von Punkt- 
rnutationen oder Deletionen/Insertionen/Rearrangements. 

30 Die vorliegende Nukleinsauresequenz SEQ ID NO: 1 oder SEQ ID NO: 3, ihre funktionellen Aquivalente, Homologe 
oder Derivaie, das von ihr kodierte Proiein (SEQ ID NO: 2 oder SEQ ID NO: 4) oder das erfindungsgemaBe Proteinhe- 
teromer sowie davon abgeleitete Reagenzien (Oligonukleotide, Antikorper, Peptide) konnen zur Diagnose und Therapie 
von neurologischen Erkrankungen eingesetzt werden. AuBerdem wird die Diagnose und Behandlung von genetischen 
Pradispositionen fur bestimmte neurologische Erkrankungen wie Epilepsie, Schlaganfall, psychische Erkrankungen wie 

35 Angst, manisch-depressive Erkrankungen, Migrane, kognitive Verluste und weitere neurologische Erkrankungen mog- 
lich. Weiterhin kann cin Monitoring der Behandlung oben angegebencr Erkrankungen durchgefuhrt werden. 

Ein weiterer Gegcnsiand der Erfindung isi ein Vcrfahrcn zum qualilativen und quaniiiaLivcn Nachweis einer erfin- 
dungsgemaBen Nukleinsiiure in einer biologischen Probe, das folgende Schritte umf'aBt: 

40 a) Inkubation einer biologischen Probe mit einer bekannten Menge an erfindung sgemaBer Nukleinsaure oder einer 

bekannten Menge an Oligonukleodden, die als Primer fur eine Amplification der erfindungsgemaBen Nukleinsaure 
geeignet sind T 

b) Nachweis der erfindungsgemaBen Nukleinsaure durch spezifische Hybridisierung oder PCR- Amplification, 

c) Vergleich der Menge an hybridisierender Nukleinsaure oder an durch PGR Amphfikation gewonnener Nuklein- 
45 saure mit einem Mengenstandard. 

AuBerdem betriift die Erfindung ein Verfahren zum qualitativen und quantitaliven Nachweis eines erfindungsgemaBen 
Proteinheteromers oder eines erfindungsgemaBen Proteins in einer biologischen Probe, das folgende Schritte umfaBt: 

50 a) Inkubation einer biologischen Probe mit einem Antikorper, der spezifisch gegen das Proteinheteromer oder ge- 

gen das erfindungsgemaBe Protein gerichtet ist, 

b) Nachweis des Antikorper/Antigenkomplexes, 

c) Vergleich der Mcngen des Antikorper/Anugenkomplexes mil einem Mengenstandard. 

55 Als Standard wird ubheherweise eine biologische Probe aus einem gesunden Organismus entnommen. 

Weiterhin betrifft die Erfindung ein Verfahren zum Auffinden von Substanzen, die spezifisch an ein Protein mit einer 
Aminosauresequenz SEQ ID NO: 2 oder SEQ ID NO: 4 binden, das einen oder mehrere der folgenden Schritte umfaBt: 

a) Expression des Proteins in eukaryotischen oder prokaryotischen Zellen. 
60 b) Inkubation des Proteins mit den zu testenden Substanzen. 

c) Nachweis der Bindung einer Substanz an den Rezeptor bzw. eines Effektes auf die Rezeptorfunktion. 

AuBerdem betrifft die Erfindung ein Verfahren zum Auffinden von Substanzen, die spezifisch an ein Protein mit einer 
Aminosiiuresequenz gcmaB SEQ ID NO: 2 oder SEQ ID NO: 4 bzw. an eine Nukleinsauresequenz gemaB SEQ ID NO: 1 
65 oder SEQ ID NO: 3 binden und dadurch hemmende oder akrivierende funkuonelle Effekte auf die GABAerge Signal- 
weiterleitung in zentralnervosen Neuronen hervorrufen. . . 

Je nach dem Neurolransmittersystem (z. B. GAB A oder Glutamat), in das der GABA B -Rezeptor involviert ist, kann 
eine erhohle oder eine erniedrigte GAB A B -Rezeptor-Akli vital zu einem Ungleichgewicht zwischen den Neurotransmit- 
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tersystemen und oftmals zu einer neuronalen Ubererregung fuhren, die eine Vielzahl neurologischer Erkrankungen cha- 
rakterisiert, wie z. B. Epilepsie, Schlaganfall und dercn Folgen und andere. 

Mangelnde neuronale Aktivitat, die z. B. Demenzen charakterisiert, kann die Folge sein, wenn prasynaptische GA- 
BAb Rezeptoren an glutamatergen Synapsen uberaktiviert sind und die Transmitterausschuttung so stark hemmen, daB 
kcinc Rcizwcitcrlcitung iibcr die Synapse mehr moglich ist. 5 

In Situationen, in denen ein Mangel an der Aktivitat des erfindungsgemaBen Proteins oder des mit SEQ ID NO: 2 oder 
SEQ ID NO: 4 komplettierten GABA B -Rezeptors herrscht, konnen mehrere Methoden zur Substituierung eingesetzt 
werden. Zum einen kann das Protein, naturlich oder rekombinant direkt, oder durch geeignete MaBnahmen in Form sei- 
ner kodierenden Nukleinsaure (d. h. DNA oderRNA) appliziert werden. Dazu konnen sowohl virale, als auch nichtvirale 
Vehikel y.um Einsalz koininen. Ein weiierer Weg bietet sich durch die Stimulation des endogenen, korpereigenen Genes 10 
durch geeignete Substanzen. Solche Substanzen lassen sich beispielsweise auffinden, indem man ihre Wirkung auf die 
Transkriptionselemente des neuen GABA B -Rezeptor-Genes ermittelt. 

In Situationen, in denen ein UberschuB an Aktivitat des ein Protein mit der Sequenz SEQ ID NO: 2 oder SEQ ID 
NO: 4 beinhaltenden GABA B -Rezeptors oder von einem Protein mit SEQ ID NO: 2 oder SEQ ID NO: 4 allein herrscht, 
konnen spezifischc, synthetische oder natiirlichc, kompetkivc und nichl-koiiipclitive AnLagonisten gegen das Protein mil 15 
der Sequenz SEQ ID NO: 2 oder SEQ ID NO: 4 oder Antikorper oder AnLikorperfragmente gegen das Protein mit der Se- 
quenz SEQ ID NO: 2 oder SEQ ID NO: 4 oder gegen das Proteinheteromer eingesetzt werden. Desweiteren kann sowohl 
durch antisense Molekule oder Ribozyme oder Oligonukleotide als auch durch niedermolekulare \ferbindungen eine In- 
hibition der GABA B -Rezeptor- Aktivitat bzw. der Aktivitat des Proteins mit der Sequenz SEQ ID NO: 2 oder SEQ ID 
NO: 4 crrcichi werden. 20 

Beispiele 

Die Nukleotidsequenz mit der in SEQ ID NO: 1 dargestellten Struktur wurde aus einer cDNA Bibliothek aus Ratten- 
Gehirn identifiziert. Bei der Suche nach Proteinen, die mit dem intrazellularen Carboxy terminus des bekannten GABA B - 25 
Rczcptors intcragicrcn, wurde die Nukleotidsequenz gefunden. Im Experiment wurde eine cDNA-Bibliothek aus Ratten- 
Gehirn mit dem two-hybrid System nach Interaktionspartnern des Carboxyterminus des oben beschriebenen GABA B - 
Rezeptors durchsucht. Mehrere uberlappende Fragmente einer unbekannten cDNA wurden gefunden. Mit Hilfe dieser 
Fragmente wurde aus einer cDNA-Bibliothek aus Ratten-Hippokampus ein 5kb langes Fragment der unbekannten 
cDNA durch Homologie screening isoliert und anschlieBend sequenziert. Die so gewonnene cDNA-Sequenz enthalt den 30 
komplelten kodierenden Bereich fiir die Sequenz SEQ ID NO: 2. Die Enldeckung und molekulare Charaklerisierung von 
Interaktionspartnern des bekannten klonierten GABA B -Rezeptors ermoglicht es, die physiologischen Eigenschaften und 
die biochemische und pharmakologische Vielfalt des GABA B -Rezeptors besser zu verstehen, so wie neue konkrete An- 
griffspunkte fur pharmakotherapeutische Interventionen zu erhalten. 

Die Sequenzanalyse des durch die vorliegende cDNA ( = SEQ ID NO: 1) kodierten Polypeptides laBt darauf schlie- 35 
Ren, daB es sich urn cinen inetabotropen Rezeptor handclt. Es enthalt cine aTninotcrniinalc Signalsequenz [Aminosauren 
1-40 (G. von Hcijne, N. A. R., 14,4683, 1986)] sowie sieben charaktcristisch angeordnete hydrophobe Bereiche, die mit 
hoher Wahrscheinlichkeit die Plasmarfiembran durchspannen. Das Vorhandensein dieser sieben hydrophoben Bereiche 
ist ein Charakteristikum von metabotropen Rezeptoren. Sequenzvergleiche (Altschul et al., J. Mol. Biol, 215, 403 -410, 
1 990) der Aminosauresequenz SEQ ID N(5: 2 mit den Sequenzen der offenen Leseraster der translatierten offentlichen 40 
Nukleotiddatenbanken (nrdb) mit Hilfe des BLAST-Programmes (Version BLASTP 2.0al9-WashU [05-Feb-1998]) 
zcigten Ahnlichkciten zu dem oben beschriebenen GABA B -Rezeptor (hochstc Bewcrtung (best score): 36% Sequenzi- 
dentitat uber 804 Aminosauren mit CiABA B -Rezeptor IB und 36% Sequenzidendtat iiber 744 Aminosauren mit CjA- 
BA B -Rezeptor 1A) sowie eine wesentlich geringere Sequenzahnlichkeit zu metabotropen Glutamatrezeptoren und Cal- 
ciumsensitiven Rezeptoren. Die Ahnlichkeit erstreckt sich iiber den aminoterminalen Bereich sowie besonders iiber die 45 
Transmembranregionen, aber nicht iiber den carboxyterminalen, intrazellularen Bereich (siehe Fig. 2). Bei dem in SEQ 
ID NO: 2 beschriebenen Protein handelt es sich deinnach uin einen neuen nieLabotropen Rezeptor, der entweder allein 
oder in Komplex mit dem bekannten GABA B -Rezeptor Signalweiterleitung im ZNS vermittelt oder diese regulierL 

Fig. 2 gibt einen Sequenzvergleich des erfindungsgemaBen Proteins mit der SEQ ID NO: 2 mit den bekannten GA- 
BAB-Rezeptor-Proteinen ( = GBR) 1 A und IB (Kaupmann et al. 1997, siehe oben) wieder. Identische Aminosauren sind 50 
durch schwarze, konservative Veranderungen durch hellgraue Schattierungen dargestellt. Die sieben Transmembranre- 
gionen ( = TM1 bis TM7) sind durch dariiberliegende Balken markiert. 

Die Analyse der Verteilung der inRNA, von der die cDNA-Sequenz SEQ ID NO: 1 slaTnmLc, wurde miUels Northern 
Blot und mittels In-situ Hybridisierung auf Rattenhimschnitten durchgefuhrt. Eine Analyse in 10 verschiedenen Ratten- 
Geweben ergab eine gehimspezifische Expression einer 5 - 6 kb groBen mRNA. In sehr geringem Umfang laBt sich eine 55 
kleinere mRNA in Ratten-Testis nachweisen (siehe Fig. 1). Die In-situ Hybridisierung ergab eine starke Expression in 
Hippokampus, Cortex, Cerebellum sowie in thalamischen Kernen. Das Expressionsmuster uberlappt mit dem des GA- 
BA B -Rezcptors und deutel auf cine wichtigc zcntralnervdsc Funk ti on des in SEQ TD NO: 2 dagestellten Proteins hin. 

Soweit nicht anders angegeben wurde bei der experimentellen Durchfuhrung entsprechend den Vorschriften in "Aus- 
ubel et al. (eds.), 1998. Current Protocols in Molecular Biology. John Wiley& Sons, New York" verfahren. 60 

Beispiel 1 

Tvvo-hybrid Suche mit dem Carboxyterminus von GABA B -Rezepior 1 

65 

Die- fur den Carboxyterminus des GABA B -Rezeptor 1A kodierende cDNA (Aminosauren 857-960, accession no, 
Y10369, EMBL-Datenbank) wurde mit den spezifischen Primem GABA-CTS' (5-GCGAATTCCGCAGGCTGAT- 
CACCCGAGGG-3') und GABA-CT3' (5-GCAGTCGACTCACTTGTAAAGCAAATGTACTCG-3') von Raltenhim 
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cDNA in einer Polvmerase-Ketten-Reakuon (PCR) amplitiziert, mit den Enzymen HcoRI und Sail einer Restriktion un- 
terzogen und danach iiber die uberhangenden Enden in einen mit den Enzymen EcoRI und Sail vorgesehnittenenen Vek- 
lor pGBT (Firma Clontech) kloniert. Das so entstandene DNA-Konstrukt(pGBT-GABA B -Rezeptor 1) kodiert fUr ein 
Protein, in dem die Gal4-DNA-Bindungsdomane mit dem C-terminus des GAB A B -Rezeptors fusioniert ist. Mit diesem 

5 Konstrukt wurdc dcr Hefestamm HF7c (Firma Clontech) transformicrt. Der resulticrcndc Hefestamm wurdc mit cincr 
Rattenhirn cDNA Bank (Kornau el al.. Science 269, 1737-1740, 1995) im Vektor pGAD (Firma Clontech) transformiert 
und 4 x 10 6 Transformanden auf Tryptophan/Leucin/Histidin-Mangelmedium plattiert. Nach 3, 4 und 5 Tagen Wachstum 
bei 30°C wurden Kolonien mit einem Durchmesser von mehr als 2 mm vereinzelt und einer XGal-Farbung unterzogen. 
Insgesamt 7 Kolonien erwiesen sich als His3 und lacZ positiv (pGAD-posl-7). Aus diesen wurde die jeweilige cDNA 

10 aus dem Vektor pGAD mil dem veklorspe/ifischen Primer Ga14AD3' (5-AAG AGATCCTAG A ACTAGTGGATC-3') so- 
wie T7 tf'-CGTAATACGACTCACTATAGGGCG^') amplifiziert und das Amphkon sequenziert. Die SequenzanaLyse 
ergab 5 verschiedene uberlappende Fragmente (Nukleotidsequenzen 2399 3102 (a) 2432 3102 (b). 2447 3102 (c). 
2462-3102 (d), 2468-3102 (e) in der Sequenz SEQ ID NO: 1). 

Aus zwei verschiedenen positiven Kolonien (a und e) wurde die pGAD-Plasmid-DNA aufgereinigt und mit verschie- 

i s dcncn pGBT-Konsiruktcn in den HcfesLamm HF7c kotransformierl. Nur in Kombination mit dem Konstrukt pBGT-GA- 
BA H -Rezeptor 1 konnte eine Akuvierung der Reportergene His3 und lacZ festgestellt werden. 

Beispiel 2 

20 Klonicruhg der cDNA fur die neue GABA B -Rczeptor-Komponenljc SEQ ID NO: 2 

Ein aus der two-hybrid Suche gewonnenes cDNA-Fragment gemaB Beispiel 1 (a, Nukleotide 2399 -3102 in Sequenz 
SEQ ID NO: 1) wurde mit dem random primed labelling kit (Boehringer Mannheim) entsprechend den Herstelleranga- 
ben mil a- 32 P-dCTP radioaktiv markiert. Die durch Erhitzen denaturierte radioaktive Sonde wurde auf 18 Nitrocellulose- 

25 Filter, auf die je 40000 Plaques einer cDNA-Bank aus Ratten-Hippokampus im Bakteriophagen X transferiert worden 
warcn, 16 Stundcn lang hybridisiert (42°C, 5 x SSC, 50% Formamid) und daraufhin mchrfach mit 0,2 x SSC, 60°C gc- 
waschen. Von 30 positiven X-Klonen wurden 6 vereinzelt, Phagen-DNA isoliert und kartiert. Die beiden langsten cDNA- 
Fragmente (5kb) wurden vollstandig sequenziert. Sie enthalten ein offenes Leseraster fiir die Aminosauresequenz SEQ 
ID NO: 2. Die Sequenzanalyse ergab bei diesen beiden Lambda-cDNA-Klonen vier Unterschiede in der kodierenden Se- 

30 quenz, von denen 3 stiUe Mutationen darsteUen (Nukleotid 696 C zu T, Nukleolid 1104 T zu C, Nukleotid 2295 C zu T) 
und eine fur ein /.usatzliches Prolin in der aminoterminalen Signalsequen/, kodiert (Insertion von CCG bei Nukleotid 
171/172). 

Beispiel 3 

35 

Expression der mRNA fiir die neue GABA B -Re'/,eptor-Komponenie in RaUen-Geweben 

Ein aus der two-hybrid Suche gewonnenes cDNA-Fragment gemiiB Beispiel 1 (a, Nukleotide 2399 3102 in SEQ ID 
NO: 1) wurde mit dem random primed labelling kit (Boehringer Mannheim) entsprechend den Herstellerangaben mita- 

40 32 P-dCTP radioaktiv markiert. Die durch Erhitzen denaturierte radioaktive Sonde wurde mit einem Multiple Tissue Nort- 
hern Blot (je 10 ug total RNA von Ratten-Gehirm -Leber, -Lunge, -Herz, -Niere, -Hoden, -Muskel und -Darm, isoliert 
nach "Chomczinski and Sacchi, Anal. Biochcm., 162, 156-159, 1987") in QuickHyb-Losung (Finna Slratagenc) fur eine 
Stunde bei 68"C hybridisiert und daraufhin bei 60°C und 0,1 x SSC gewaschen. Nach drei Tagen Exposition wurde ein 
starkes Hybridisierungssignal auf Gehim-RNA bei etwa 5-6 kb, ein wesentlich schwacheres Signal geringerer GroBe auf 

45 Hoden-RNA und kein Signal in alien anderen untersuchten Geweben festgestellt (siehe Fig. la). 

Beispiel 4 

Expression der mRNA fur die neue GABA B -Rezeptor-Komponente im Ratten-Gehirn 

50 

Wenn nicht anders beschrieben, wurde die in-situ Hybridisierung durchgeftihrt wie in "Molecular Neurobiology: A 
Practical Approach. J. Chad and H. Wheat, eds. (Oxford: IRL Press), pp.205-225" beschrieben. 

Zwci Antiscnsc-Oligonukleotide (rcvers kompleincntar zu den Nukleotiden 2463-2498 b/.w. Nuklcotidcn 2538-2573 
in der Sequenz SEQ ID NO: 1) wurden mit Terminaler Desoxynukleotid-Transferase (Boehringer Mannheim) entspre- 
55 chend den Herstellerangaben mit cc- 35 S-dATP radioaktiv markiert. Diese radioaktiven Sonden wurden auf etwa 15 um 
dicke horizon tale Rattenhirnschnitte appliziert und 16 Stunden lang in 4 x SSC, 50% Formamid bei 42°C hybridisiert. 
Daraufhin wurden die Schnitte fur 30 Minuten in 1 x SSC, 55°C gewaschen und fur 8 Tage expohiert. Die Autoradio- 
grdinmc fur beide Oligonuklcotide zeigien ein ubereinsdmmcndcs Bild (siehc Fig. lb). Das slarkslc Signal wurde in Pur- 
kinje-Zellen des Kleinhirns, ebenfalls starke Signale in Kortex, Hippokampus und in verschiedenen thalamischen Ker- 
60 nen sowie schwachere Signale in den Kornerzellen des Kleinhirns gefunden. 

Beispiel 5 

Klonierung und Sequenzierung der cDNA fiir die humane Form der neuen GAB AB-Rezeptorkoinponente SEQ ID NO: 3 
65 (DNA-Sequenz) bzw. SEQ ID NO: 4 (Aminsosauresequenz) 

Ausgehend von 5 ug totaler RNA aus dem Gesamthim eines 57 Jahre aiten Mannes (Firma Clontech) wurde mit Su- 
perscript Reverser Transkri ptase (Gibco BRL) entsprechend den Hinweisen des Herslellers cDNA synlhelisiert. Mil 



10 



DE 198 41 941 A 1 



mehreren Oligonukleotidprimem, die von SEQ ID NO: 1 bzw. von in der EMBL-Datenbank befindlichen humanen EST- 
Sequenzen abgeleitet wurden, konnten in RCR-Reaktionen von der humanen cDNA spezihsche Produkte amplitiziert 
werden. Hierbei handelte es sich um folgende Primer- Paare: 

GBls/GB6as 

GB15s(ns)/GB18as 

GB17s/GBllas 

GB17s/GB16as(hs) 

GB25s/GB4as 

GB25s/GB23as(hs) 

GB25sXbaI/GB23as(hs) 

GB22s(hs)/GB16as(hs) 

GB 1 s : 5'-CAG ATCCGCAACGAGTCACTCCTG-3' 

GB2as: S'-CAGGAGrGACTCGTrGCGGATCTG^* 

GB3s: 5'-CAGTTTGACCAGAATATGGCAGC-3' 

GB4as; 5'-GCTCCCAlATrCTGGTCAAACl\j-3' 

GB6as: S-GACCTTCACCTCTCTGCTGTCTTG-S' 

GBllas: 5'-GAAGGAGGGTGGTACGTGTCTGTG-3' 

GB 1 5s(hs): 5-CTACG ATGGCATCTGGGTCATC-3' 

GB 1 6as(hs): 5 , -C^TC:CC:AT^TC:(XiTTCCTCTTC-3 , 

GB 1 7s: 5-CTCAACGACAGCAAGTAC ATC- 3 ' 

GB 1 8as: 5'-G ATGTAC1TGCTCTCGTTGAG-3' 

GB 19as(hs): 5'-GCTCTAGACCGTATTTTATTGCATCGTAG-3' 

GB22s(hs): 5'-GCGAATTCACAAAAAGACAAGACCATCATCCTG-3' 

GB23as(hs):5 , -GCGAATTCAGGATGGTGAGGGCAGAGAGGATG-3 , 

GB25s: .5 -(5T(3AATTC:GCX}GCGCGG<:ATCjGCnTC 3* 

GB25sXbaI: 5'-GTlX7rAGACGCGGCGCGGCATGGCTTC-3' 

GB27as: 5'-CTGGTCCCGGGTCAGGAAGGAGAC-3' 

Die PCR-Produkle wurden direkL ruit den Prirnern, die schon zur Atnplifikation benuizl. worden waren b/.w. mil den 
oben genannten Primem, sequenziert. Aus den erhalienen Sequenzen wurden neue Primer abgeleitet und fur die PCR- 
Reaktionen und Sequenzierungen eingesetzt 0-iste der Primer siehe oben). Aus den Einzelsequenzen der erhaltenen 
PCR-Produkte konnte schlieBlich die Sequenz SEQ ED NO: 3 zusammengesetzt werden, die das offene Leseraster fur ein 
Protein der Aminosauresequenz SEQ ED NO: 4 enthalt. 

An den PosiLionen 360 und 2605 in der Sequenz SEQ ID NO: 3 wurdc nach wiedcrhoKein Scquenziercn aus bciden 
Riehlungcn ncben dcm Aauch ein G-Signal detektiert, so daB an dicser S telle die Sequenz cniwcder A oder G lautet. 
Diese Anderung gegeniiber SEQ ID NO: 3 wurde fur Position 360 zu keirier Anderung der Aminosauresequenz SEQ ID 
NO: 4 fiihren; an Position 2605 wurde es zu einem Threoninzu Alanin-Austausch an Position 869 der Sequenz SEQ ED 
NO: 4 fiihren. Die Basenpaare 1 bis 8 in SEQ ED NO: 3 wurden durch den von 1 SEQ ED NO: 1 abgeleiteten Primer 
GB25s vorgegeben. Es kann daher nicht ausgeschlossen werden, daB eine oder mehrere Positionen in den Positionen 1 
bis 8 in der SEQ ID NO: 3 anders lauten als angegeben. Dcmzufolge kann auch eine oder mehrere der Aminosauren 1 bis 
3 in SEQ ID NO: 4 anders lauten als angegeben. 

Das PCR-Produkt GB25sXbaI/GB23as(hs) wurde einem Restriktionsverdau mit Xbal und BglH unterzogen. Das 
PCR-Produkt GB22s(hs)/GB16as(hs) wurde einem Restriktionsverdau mit BglH und Xhol unterzogen, Die beiden PCR- 
Produkte wurden in einen mit Xbal und Xhol vorgeschnittenen pBSIIKS(-)-Vektor (Firma Stratagene) kloniert (pBS- 
hsGB). 
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SEQUENZPROTOKOLL 

(1) ALGEMEINE INFORMATION: 

(i) ANMELDER: 

(A) NAME: BASF-LYNX Bioscience AG 

(B) STRASSE: Irn Neuenheimer Feld 519 

(C) ORT: Heidelberg 

(D) BUNDESLAND; Baden -Wuert t ember g 

(E) LAND: Deutschland 

(F) POSTLEITZAHL : 69120 

(ii) ANMELDETITEL: Neuer metabotroper GABA-Rezeptor-Komplex aus 
dem zentralen Nervensystem 

(iii) ANZAHL DER SEQUENZEN: 4 

(iv) COMPUTER- LES BARE FORM: 

(A) DATENTRAGER: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) BETRIEBSSYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPA) 

(2) INFORMATION ZU SEQ ID NO: 1: 

(i) SEQUENZ CHARAKTERI STIKA : 

(A) LANGE: 32 88 Basenpaare 

(B) ART: Nukleinsaure 

(C) STRANG FORM : Einzel 

(D) TOPOLOGIE: linear 

(ii) ART DES MOLEKULS : cDNS zu mRNS 

(iii) HYPOTHETISCH: NEIN 

(iii) ANTI SENSE: NEIN 

(vi) URSPRUNLICHE HERKUNFT: 

(A) ORGANISMUS: Rattus norvegicus 

(ix) MERKMALE: 

(A) NAME/SCHLUSSEL: CDS 

(B) LAGE : 118. .2940 

(xi) SEQUENZBESCHREIBUNG: SEQ ID NO: 1: 

CCGGGGCCCG TGCCGGCGCC ATTGCGCGGG AGCCGCGGGC AAAGCTCGGC GCCGGGCGGC 

GGGCCGGGCC AGGCCATGCG GGCCGAGTGA GCTGGCGCCC GCAGCCCGCG GCGCGGC 

ATG GOT TCC CCG CCG AGC TCC GGG CAG CCC CGG CCG CCG CCG CCG CCG 
Met Ala Ser Pro Pro Ser Ser Gly Gin Pro Arg Pro Pro Pro Pro Pro 
1 5 10 15 
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CCG CCG CCC GCG CGC CTG CTG CTG CCC CTG CTG CTG TCG CTG CTG CTG 213 
Pro Pro Pro Ala Arg Leu Leu Leu Pro Leu Leu Leu Ser Leu Leu Leu 
20 25 30 

TCG TTG GCG CCC GGG GCC TGG GGC TCG ACG CGG GGC GCC CCC CGG CCG 261 
Trp Leu Ala Pro Gly Ala Trp Gly Trp Thr Arg Gly Ala Pro Arg Pro 
35 40 45 

CCG CCC AGC AGC CCG CCG CTC TCC ATC ATG GGC CTC ATG CCG CTC ACC 3 09 

Pro Pro Ser Ser Pro Pro Leu Ser He Met Gly Leu Met Pro Leu Thr 
50 55 60 

AAG GAG GTG GCC AAG GGC AGC ATC GGG CGC GGC GTG CTC CCC GCC.GTG 3 57 

Lys Glu val Ala Lys Gly Ser He Gly Arg Gly Val Leu Pro Ala Val 
65 70 75 80 

GAG CTA GCC ATC GAG CAG ATC CGC AAC GAG TCA CTC CTG CGC CCCTAC 405 
Glu Leu Ala He Glu Gin He Arg Asn Glu Ser Leu Leu Arg Pro Tyr 
85 90 95 

TTC CTG GAC CTG CGA CTC TAT GAC ACC GAG TGT GAC AAT GCA AAG GGA 453 25 

Phe Leu Asp Leu Arg Leu Tyr Asp Thr Glu Cys Asp Asn Ala Lys Gly 
100 105 HO 

CTG AAA GCC TTC TAT GAC GCA ATA AAG TAT GGG CCG AAC CAT TTG ATG 501 30 

Leu Lys Ala Phe Tyr Asp Ala He Lys Tyr Gly Pro Asn His Leu Met 
115 120 125 

GTG TTT GGA GGC GTC TGT CCG TCT GTC ACA TCT ATT ATC GCG GAG TCC 549 35 

Val Phe 'Gly Gly Val Cys Pro Ser Val Thr Ser He He Ala Glu Ser 
130 135 140 

CTC CAA GGC TGG AAT CTG GTG CAG CTT TCC TTC GCC GCC ACC ACG CCT 597 40 

Leu Gin Gly Trp Asn Leu Val Gin Leu Ser Phe Ala Ala Thr Thr Pro 
145 150 155 160 

GTT CTT GCG GAT AAG AAG AAG TAC CCG TAT TTC TTC CGG ACG GTG CCG 645 45 

Val Leu Ala Asp Lys Lys Lys Tyr Pro Tyr Phe Phe Arg Thr Val Pro 
165 170 175 

TCA GAC AAC GCG GTG AAC CCC GCC ATC CTG AAG CTC CTG AAG CAC TTC 693 
Ser Asp. Asn Ala Val Asn Pro Ala He Leu Lys Leu Leu Lys His Phe 
180 185 190 

CGC TGG CGG CGT GTG GGC ACA CTC ACG CAG GAC GTG CAG CGC TTC TCC 741 
Arg Trp Arg Arg Val Gly Thr Leu Thr Gin Asp Val Gin Arg Phe Ser 
195 200 205 

GAG GTG AGG AAT GAC CTG ACT GGG GTT CTG TAT GGG GAA GAT ATT GAG 7 89 

Glu Val Arg Asn Asp Leu Thr Gly Val Leu Tyr Gly Glu Asp He Glu 
210 215 220 
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ATC TCA GAC ACA GAG AGC TTC TCC AAT GAT CCC TGC ACC AGC GTC AAA 837 
lie Ser Asp Thr Glu Ser Phe Ser Asn Asp Pro Cys Thr Ser Val Lys 
225 230 235 240 

AAG CTC AAG GGG AAT GAC GTG CGG ATC ATC CTT GGC CAG TTT GAC CAG 885 
Lys Leu Lys Gly Asn Asp Val Arg lie He Leu Gly Gin Phe Asp Gin 
245 250 255 

AAT ATG GCA GCA AAA GTC TTC TGT TGT GCC TTC GAG GAG AGC ATG TTT 933 
Asn Met Ala Ala Lys Val Phe Cys Cys Ala Phe Glu Glu Ser Met Phe 
260 265 270 

GGC AGC AAG TAC CAG TGG ATC ATC CCG GGA TGG TAC GAG CCT GCG TGG 981 
Gly Ser Lys Tyr Gin Trp He He Pro Gly Trp Tyr Glu Pro Ala Trp 
275 280 285 

20 TGG GAG CAG GTG CAT GTG GAG GCC AAT TCC TCA CGC TGC CTG CGC AGA 1029 
Trp Glu Gin Val His Val Glu Ala Asn Ser Ser Arg Cys Leu Arg Arg 
290 295 300 

25 AGC CTC CTG GCT GCC ATG GAA GGT TAC ATC GGA GTG GAC TTT GAG CCC 1077 
Ser Leu Leu Ala Ala Met Glu Gly Tyr He Gly Val Asp Phe Glu Pro 
305 310 315 320 

30 CTG AGC TCC AAA CAA ATC AAG ACC ATT TCA GGG AAG ACT CCA CAG CAG 112 5 

Leu Ser Ser Lys Gin He Lys Thr He Ser Gly Lys Thr Pro Gin Gin 
325 330 335 

35 TAT GAA AGA GAG TAC AAC AGC AAA CGT TCA GGC GTG GGG CCC AGC AAG 1173 
Tyr Glu Arg Glu Tyr Asn Ser Lys Arg Ser Gly Val Gly Pro Ser Lys 
340 345 350 

40 TTC CAT GGG TAC GCC TAC GAT GGG ATC TGG GTC ATC GCC AAG ACC CTA 1221 
Phe His Gly Tyr Ala Tyr Asp Gly He Trp Val He Ala Lys Thr Leu 
355 360 365 



45 



50 



55 



CAG AGG GCC ATG GAG ACA CTG CAT GCC AGT AGC AGG CAC CAG CGG ATC 1269 
Gin Arg Ala Met Glu Thr Leu His Ala Ser Ser Arg His Gin Arg He 
370 375 380 

CAG GAC TTC AAC TAC ACA GAC CAC ACG CTG GGC AAA ATC ATC CTC AAT 1317 
Gin Asp Phe Asn Tyr Thr Asp His Thr Leu Gly Lys He He Leu Asn 
385 390 395 400 

GCC ATG AAC GAG ACC AAC TTC TTC GGG GTC ACG GGT CAA GTT GTG TTC 1365 
Ala Met Asn Glu Thr Asn Phe Phe Gly Val Thr Gly Gin Val Val Phe 
405 410 415. 



CGG AAC GGG GAG AGA ATG GGA ACC ATT AAA TTT ACT CAA TTT CAA GAC 1413 
60 Arg Asn Gly Glu Arg Met Gly Thr He Lys Phe Thr Gin Phe Gin Asp 
420 425 430 
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AGC AGA GAG GTG AAG GTC GGC GAA TAC AAC GCG GTG GOT GAC ACA CTG 14 61 

Ser Arg Glu Val Lys Val Gly Glu Tyr Asn Ala Val Ala Asp Thr Leu 

435 440 445 ^ 

GAG ATC ATC AAT GAC ACC ATA AGG TTC CAG GGG TCC GAG CCA CCC AAG 1509 
Glu lie lie Asn Asp Thr He Arg Phe Gin Gly Ser Glu Pro Pro Lys 
450 455 460 

10 

GAC AAG ACC ATC ATT CTG GAG CAG CTT CGG AAG ATC TCG CTT CCA CTG 1557 
Asp Lys Thr He He Leu Glu Gin Leu Arg Lys He Ser Leu Pro Leu 
465 470 475 480 

15 

TAT AGC ATC CTG TCC GCT CTC ACC ATC CTC GGC ATG ATC ATG GCC AGC 1605 
Tyr Ser lie Leu Ser Ala Leu Thr He Leu Gly Met He Met Ala Ser 
485 490 495 

20 

GCC TTC CTC TTC TTC AAC ATC AAG AAC CGG AAC CAA AAG CTG ATT AAG 1653 
Ala Phe Leu Phe Phe Asn He Lys Asn Arg Asn Gin Lys Leu He Lys 
500 505 510 

ATG TCA AGC CCC TAC ATG AAC AAC CTC ATC ATC CTG GGA GGA ATG CTG 1701 25 

Met Ser Ser Pro Tyr Met Asn Asn Leu He He Leu Gly Gly Met Leu 
515 520 525 

TCC TAT GCA TCC ATC TTC CTC TTT GGC CTC GAT GGG TCC TTC GTC TCA 1749 30 

Ser Tyr Ala Ser He Phe Leu Phe Gly Leu Asp Gly Ser Phe Val Ser 
530 535 540 

GAA AAG ACC TTT GAA ACA CTC TGC ACG GTC CGG ACC TGG ATT CTC ACC 1797 35 

Glu Lys Thr Phe Glu Thr Leu Cys Thr Val Arg Thr Trp He Leu Thr 
545 550 555 560 

GTG GGC TAC ACA ACT GCC TTT GGG GCC ATG TTT GCA AAG ACC TGG AGG 1845 40 

Val Gly Tyr Thr Thr Ala Phe Gly Ala Met Phe Ala Lys Thr Trp Arg 
565 570 575 

GTC CAT GCC ATC TTC AAA AAT GTG AAG ATG AAG AAG AAG ATC ATC AAA 1893 45 - 

Val His Ala He Phe Lys Asn Val Lys Met Lys Lys Lys He He Lys 
580 585 590 

GAC CAG AAG CTG CTT GTG ATT GTG GGG GGC ATG CTG CTC ATC GAC CTG 1941 ^ 

Asp Gin Lys Leu Leu Val He Val Gly Gly Met Leu Leu He Asp Leu 
595 600 605 



TGC ATC CTG ATC TGT TGG CAG GCT GTG GAC CCC CTG CGG AGG ACA GTG 1989 
Cys He Leu He Cys Trp Gin Ala Val Asp Pro .Leu Arg Arg Thr Val 
610 615 620 

GAG AGG TAC AGC ATG GAG CCG GAC CCA GCA GGC CGG GAC ATC TCC ATC 2037 
Glu Arg Tyr Ser Met Glu Pro Asp Pro Ala Gly Arg Asp lie Ser He 
625 630 635 640 
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CGC CCA TTG CTG GAA CAC TGC GAA AAC ACC CAC ATG ACC ATC TGG CTT 2085 
Arg Pro Leu Leu Glu His Cys Glu Asn Thr His Met Thr He Trp Leu 
645 650 655 

GGC ATT GTC TAC GCC TAC AAG GGG CTC CTC ATC CTA TTC GGT TGT TTC 2133 
Gly He val Tyr Ala Tyr Lys Gly Leu Leu Met Leu Phe Gly Cys Phe 
660 665 670 

TTG GCA TGG GAA ACC CGC AAT GTG AGC ATC CCT GCC CTC AAC GAC AGC 2181 
Leu Ala Trp Glu Thr Arg Asn Val Ser He Pro Ala Leu Asn Asp Ser 
675 680 685 

AAG TAC ATC GGC ATG AGT GTG TAC AAT GTG GGG ATC ATG TGC ATC ATC 2229 
Lys Tyr He Gly Met Ser Val Tyr Asn Val Gly He Met Cys He He 
690 695 700 

20 GGG GOT GCT GTC TCC TTC CTG ACG CGT GAC CAG CCC AAC GTG CAG TTC 2277 
Gly Ala Ala Val Ser Phe Leu Thr Arg Asp Gin Pro Asn Val Gin Phe 
705 710 715 720 

25 TGC ATC GTG GCC CTG GTC ATC ATC TTC TGC AGC ACC ATC ACT CTC TGC 2325 
Cys lie val Ala Leu Val He He Phe Cys Ser Thr He Thr Leu Cys 
725 730 735 



10 



15 



30 



35 



40 
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CTG GTG TTT GTG CCA AAG CTC ATC ACT CTG AGG ACA AAC CCT GAC GCA 2373 
Leu Val Phe Val Pro Lys Leu He Thr Leu Arg Thr Asn Pro Asp Ala 
740 745 750 

GCC ACT CAG AAC AGG CGG TTC CAG TTC ACA CAG AAC CAG AAG AAA GAA 2421 
Ala Thr Gin Asn Arg Arg Phe Gin Phe Thr Gin Asn Gin Lys Lys Glu 
755 760 765 

GAT TCG AAG ACC TCC ACT TCA GTC ACC AGC GTG AAC CAG GCG AGC ACG 2469 
Asp Ser Lys Thr Ser Thr Ser Val Thr Ser Val Asn Gin Ala Ser Thr 
770 775 780 

TCA CGC CTG GAG GGA CTG CAG TCA GAA AAC CAC CGC CTT CGA ATG AAG 2517 
Ser Arg Leu Glu Gly Leu Gin Ser Glu Asn His Arg Leu Arg Met Lys 
785 790 795 800 

ATC ACA GAG CTG GAC AAA GAC TTG GAA GAA GTC ACC ATG CAG CTA CAA 2565 
He Thr Glu Leu Asp Lys Asp Leu Glu Glu Val Thr Met Gin Leu Gin 
805 810 815 

GAC ACA CCA GAG AAG ACC ACA TAC ATC AAA CAG AAT CAC TAC CAA GAG 2613 
Asp Thr Pro Glu Lys Thr Thr Tyr He Lys Gin Asn His Tyr Gin Glu 
820 825 830 

CTC AAC GAC ATC CTC AGC TTG GGC AAC TTC ACA GAG AGC ACA GAT GGA 2661 
Leu Asn Asp He Leu Ser Leu Gly Asn Phe Thr Glu Ser Thr Asp Gly 
835 840 845 
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GGA AAG GCC ATT CTA AAA AAT CAC CTC GAT CAA AAC CCC CAG CTC CAG 27 09 

Gly Lys Ala lie Leu Lys Asn His Leu Asp Gin Asn Pro Gin Leu Gin 

850 855 860 ^ 

TGG AAC ACG ACA GAG CCC TCA AGA ACA TGC AAA GAC CCC ATA GAA GAC 27 57 

Trp Asn Thr Thr Glu Pro Ser Arg Thr Cys Lys Asp Pro He Glu Asp 
865 870 875 880 

10 

ATC AAC TCC CCG GAG CAC ATC CAG CGC CGG CTG TCG CTC CAG CTC CCC 2 805 

He Asn Ser Pro Glu His He Gin Arg Arg Leu Ser Leu Gin Leu Pro 
885 890 895 

15 

ATC CTT CAC CAC GCC TAC CTC CCA TCC ATC GGA GGC GTG GAT GCC AGC 2 853 

He Leu His His Ala Tyr Leu Pro Ser He Gly Gly Val Asp Ala Ser 
900 905 910 

20 

TGC GTC AGC CCC TGT GTC AGC CCT ACC GCC AGC CCT CGC CAC AGA CAC 2901 
Cys Val Ser Pro Cys Val Ser Pro Thr Ala Ser Pro Arg His Arg His 
915 920 925 

GTA CCA CCC TCC TTC CGA GTC ATG GTC TCG GGC CTG TAGGGGTGGG 2947 25 

Val Pro Pro Ser Phe Arg Val Met Val Ser Gly Leu 
930 935 940 

AGGCCTGGGG CCGGGGCCTC CCCGGGACAG CACCATGCTG GGCCAAGGCG CCTGCCACAG 3 007 30 

GCACACTGAC GGCGGCGAGA AG CTGGGC AC CATGCTGCCT CTCCAGACTG CTGGAATGGC 3 067 

GCTCAGGCAG AGCGGGACTC GGCACCGACC TCGAGCCTTA TCTGTGAAGG TCTTACTCTC 3127 35 

ACAGAGGAGA GGAATGACAA TGACTTCTCC TTCTTGGCGT CTGCAAACAA AGAGGAGTTG 3187' 

GGATGTCTGA AACTTGCAAA AACAAATCAA ACTCTAGACA AAGGAGAGAG GCCTCGGACT 32 47 

CCTGCTGTCC TCGCCAAGTG GCCAGAGCAA GGGCTCTGCA G 32 88 

(2) INFORMATION ZU SEQ ID NO: 2: 

(i) SEQUENZ CHARAKTERI ST IK A : 

(A) LANGE: 940 Aminosauren 

(B) ART: Aminosaure 
(D) TOPOLOGIE: linear 

(ii) ART DES MOLEKULS: Protein 

(xi) SEQUENZBESCHREIBUNG: SEQ ID NO: 2: 



Met Ala Ser Pro Pro Ser Ser Gly Gin Pro Arg Pro Pro Pro Pro Pro 
1 5 10 15* 

Pro Pro Pro Ala Arg Leu Leu Leu Pro Leu Leu Leu Ser Leu Leu Leu 
20 25 30 
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Trp Leu Ala Pro Gly Ala Trp Gly Trp Thr Arg Gly Ala Pro Arg Pro 
35 40 45 

Pro Pro Ser Ser Pro Pro Leu Ser He Met Gly Leu Met Pro Leu Thr 
50 55 60 

Lys Glu Val Ala Lys Gly Ser He Gly Arg Gly Val Leu Pro Ala Val 
65 70 75 80 

Glu Leu Ala He Glu Gin He Arg Asn Glu Ser Leu Leu Arg Pro Tyr 
85 90 95 

Phe Leu Asp Leu Arg Leu Tyr Asp Thr Glu Cys Asp Asn Ala Lys Gly 
100 105 HO 

Leu Lys Ala Phe Tyr Asp Ala He Lys Tyr Gly Pro Asn His Leu Met 
115 120 125 

Val Phe Gly Gly Val Cys Pro Ser Val Thr Ser He He Ala Glu Ser 
130 135 140 

Leu Gin Gly Trp Asn Leu Val Gin Leu Ser Phe Ala Ala Thr Thr Pro 
145 150 155 160 

Val Leu Ala Asp Lys Lys Lys Tyr Pro Tyr Phe Phe Arg Thr Val Pro 
165 170 175 

Ser Asp Asn Ala Val Asn Pro Ala He Leu Lys Leu Leu Lys His Phe 
180 185 190 

Arg Trp Arg Arg Val Gly Thr Leu Thr Gin Asp Val Gin Arg Phe Ser 
195 200 205 

Glu Val Arg Asn Asp Leu Thr Gly Val Leu Tyr Gly Glu Asp He Glu 
210 215 220 

He Ser Asp Thr Glu Ser Phe Ser Asn Asp Pro Cys Thr Ser Val Lys 
225 230 235 240 

Lys Leu Lys Gly Asn Asp Val Arg He He Leu Gly Gin Phe Asp Gin 
245 250 255 

Asn Met Ala Ala Lys Val Phe Cys Cys Ala Phe Glu Glu Ser Met Phe 
260 265 270 

Gly Ser Lys Tyr Gin Trp He He Pro Gly Trp Tyr Glu Pro Ala Trp 
275 280 285 

Trp Glu Gin Val His Val Glu Ala Asn Ser Ser Arg Cys Leu Arg Arg 
290 295 300 

Ser Leu Leu Ala Ala Met Glu Gly Tyr He Gly Val Asp Phe Glu Pro 
305 310 315 320 



18 



DE 198 41 941 A 1 

Leu Ser Ser Lys Gin lie Lys Thr He Ser Gly Lys Thr Pro Gin Gin 
325 330 335 

Tyr Glu Arg Glu Tyr Asn Ser Lys Arg Ser Gly Val Gly Pro Ser Lys 
340 345 350 

Phe His Gly Tyr Ala Tyr Asp Gly He Trp Val He Ala Lys Thr Leu 
355 360 365 

Gin Arg Ala Met Glu Thr Leu His Ala Ser Ser Arg His Gin Arg He 
370 375 380 

Gin Asp Phe Asn Tyr Thr Asp His Thr Leu Gly Lys He lie Leu Asn 
385 390 395 400 

Ala Met Asn Glu Thr Asn Phe Phe Gly Val Thr Gly Gin Val Val Phe 
405 410 415 

Arg Asn Gly Glu Arg Met Gly Thr He Lys Phe Thr Gin Phe Gin Asp 
420 425 430 

Ser Arg Glu Val Lys Val Gly Glu Tyr Asn Ala Val Ala Asp Thr Leu 
435 440 445 

Glu He He Asn Asp Thr He Arg Phe Gin Gly Ser Glu Pro Pro Lys 
450 455 460 

Asp Lys Thr He He Leu Glu Gin Leu Arg Lys He Ser Leu Pro Leu 
465 470 . 475 480 

Tyr Ser He Leu Ser Ala Leu Thr He Leu Gly Met He Met Ala Ser. 

485 490 495 

Ala Phe Leu Phe Phe Asn He Lys Asn Arg Asn Gin Lys Leu He Lys 
500 505 510 

Met Ser Ser Pro Tyr Met Asn Asn Leu He He Leu Gly Gly Met Leu 
515 520 525 

Ser Tyr Ala Ser He Phe Leu Phe Gly Leu Asp Gly Ser Phe Val Ser 
530 535 540 

Glu Lys Thr Phe Glu Thr Leu Cys Thr Val Arg Thr Trp He Leu Thr 
545 550 555 560 

Val Gly Tyr Thr Thr Ala Phe Gly Ala Met Phe Ala Lys Thr Trp Arg 
565 570 57 5 

Val His Ala He Phe Lys Asn Val Lys Met Lys Lys Lys He He Lys 
580 585 590 

Asp Gin Lys Leu Leu Val He Val Gly Gly Met Leu Leu He Asp Leu 
595 600 605 



19 



DE 198 41 941 A 1 

Cys lie Leu He Cys Trp Gin Ala Val Asp Pre Leu Arg Arg Thr Val 
610 615 620 

5 Glu Arg Tyr Ser Met Glu Pro Asp Pro Ala Gly Arg Asp He Ser He 
625 630 635 640 

Arg Pro Leu Leu Glu His Cys Glu Asn Thr His Met Thr He Trp Leu 
i° 645 650 655 

Gly He Val Tyr Ala Tyr Lys Gly Leu Leu Met Leu Phe Gly Cys Phe 
660 665 670 



15 



Leu Ala Trp Glu Thr Arg Asn Val Ser He Pro Ala Leu Asn Asp Ser 
675 680 685 

20 Lys Tyr He Gly Met Ser Val Tyr Asn Val Gly He Met Cys He lie 
690 695 700 

Gly Ala Ala Val Ser Phe Leu Thr Arg Asp Gin Pro Asn Val Gin Phe 
25 705 710 715 720 

Cys He Val Ala Leu Val He He Phe Cys Ser Thr He Thr Leu Cys 
725 730 735 

30 

Leu Val Phe val Pro Lys Leu lie Thr Leu Arg Thr Asn Pro Asp Ala 
740 745 750 

Ala Thr Gin Asn Arg Arg Phe Gin Phe Thr Gin Asn Gin Lys Lys Glu 
755 760 765 

Asp Ser Lys Thr Ser Thr Ser Val Thr Ser Val Asn Gin Ala Ser Thr 
770 775 780 

Ser Arg Leu Glu Gly Leu Gin Ser Glu Asn His Arg Leu Arg Met Lys 
785 790 795 800 

He Thr Glu Leu Asp Lys Asp Leu Glu Glu Val Thr Met Gin Leu Gin 
805 810 815 

Asp Thr Pro Glu Lys Thr Thr Tyr He Lys Gin Asn His Tyr Gin Glu 
50 820 825 830 

Leu Asn Asp He Leu Ser Leu Gly Asn Phe Thr Glu Ser Thr Asp Gly 
835 840 845 



3S 



40 



45 



55 



60 



65 



Gly Lys Ala He Leu Lys Asn His Leu Asp Gin Asn Pro Gin Leu Gin 
850 855 860 

Trp Asn Thr Thr Glu Pro Ser Arg Thr Cys Lys Asp Pro He Glu Asp 
865 870 875 880 

He Asn Ser Pro Glu His _,Ile Gin Arg Arg Leu Ser Leu Gin Leu Pro 
885 890 895 
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He Leu His His Ala Tyr Leu Pro Ser lie Gly Gly Val Asp Ala Ser 
900 905 910 

Cys Val Ser Pro Cys Val Ser Pro Thr Ala Ser Pro Arg His Arg His 
915 920 925 

Val Pro Pro Ser Phe Arg Val Met Val Ser Gly Leu 
930 935 940 

(2) INFORMATION ZU SEQ ID NO: 3: 

(i) SEQUENZ CHARAKTERI STIKA: 

(A) LANGE: 2 826 Basenpaare 

(B) ART: Nukleinsaure 

(C) STRANGFORM: Einzel 

(D) TOPOLOGIE: linear 

(ii) ART DES MOLEKULS: CDNS 2U mRNS 

(iii) HYPOTHETISCH: NEIN 

(iii) ANTISENSE: NEIN 

(vi) URSPRtiNLICHE HERKUNFT: 

(A) ORGANISMUS: Homo sapiens 

(ix) MERKMALE: 

(A) NAME / S CH LIJS S EL : CDS 

(B) LAGE: 1. .2826 

(xi) SEQUENZBESCHREIBUNG: SEQ ID NO: 3:. 

ATG GCT TCC CCG CGG AGC TCC GGG CAG CCC GGG CCG CCG CCG CCG CCG 
Met Ala Ser Pro Arg Ser Ser Gly Gin Pro Gly Pro Pro Pro Pro Pro 
1 5 10 15 

CCA CCG CCG CCC GCG CGC CTG CTA CTG CTA CTG CTG CTG CCG CTG CTG 
Pro Pro Pro Pro Ala Arg Leu Leu Leu Leu Leu Leu Leu Pro Leu Leu 
20 25 30 

CTG CCT CTG GCG CCC GGG GCC TGG GGC TGG GCG CGG GGC GCC CCC CGG 
Leu Pro Leu Ala Pro Gly Ala Trp Gly Trp Ala Arg Gly Ala Pro Arg 
35 40 45 

CCG CCG CCC AGC AGC CCG CCG CTC TCC ATC ATG GGC CTC ATG CCG CTC 
Pro Pro Pro Ser Ser Pro Pro Leu Ser lie Met Gly Leu Met Pro Leu 
50 55 60 

ACC AAG GAG GTG GCC AAG GGC AGC ATC GGG CGC GGT GTG CTC CCC. GCC 
Thr Lys Glu Val Ala Lys Gly Ser He Gly Arg Gly Val Leu Pro Ala 
65 70 75 80 



21 



10 



15 



DE 198 41 941 A 1 

GTG GAA CTG GCC ATC GAG CAG ATC CGC AAC GAG TCA CTC CTG CGC CCC 2 88 

val Glu Leu Ala lie Glu Gin He Arg Asn Glu Ser Leu Leu Arg Pro 
85 90 95 

TAC TTC CTC GAC CTG CGG CTC TAT GAC ACG GAG TGC GAC AAC GCA AAA 33 6 

Tyr Phe Leu Asp Leu Arg Leu Tyr Asp Thr Glu Cys Asp Asn Ala Lys 
100 105 HO 

GGG TTC AAA GCC TTC TAC GAT GCA ATA AAA TAC GGG CCG AAC CAC TTG 3 84 

Gly Leu Lys Ala Phe Tyr Asp Ala He Lys Tyr Gly Pro Asn His Leu 
115 120 125 

ATG GTG TTT GGA GGC GTC TGT CCA TCC GTC ACA TCC ATC ATT GCA GAG 432 

Met Val Phe Gly Gly Val Cys Pro Ser Val Thr Ser He He Ala Glu 
130 135 140 

20 TCC CTC CAA GGC TGG AAT CTG GTG CAG CTT TCT TTT GCT GCA ACC ACG 4 80 

Ser Leu Gin Gly Trp Asn Leu Val Gin Leu Ser Phe Ala Ala Thr Thr 
145 150 155 160 

25 CCT GTT CTA GCC GAT AAG AAA AAA TAC CCT TAT TTC TTT CGG ACC GTC 528 
pro Val Leu Ala Asp Lys Lys Lys Tyr Pro Tyr Phe Phe Arg Thr Val 
165 170 175 

30 CCA TCA GAC AAT GCG GTG AAT CCA GCC ATT CTG AAG TTG CTC AAG CAC 576 
Pro Ser Asp Asn Ala Val Asn Pro Ala He Leu Lys Leu Leu Lys His 
180 185 190 

35 TAC CAG TGG AAG CGC GTG GGC ACG CTG ACG CAA GAC GTT CAG AGG TTC 624 
Tyr Gin Trp Lys Arg Val Gly Thr Leu Thr Gin Asp Val Gin Arg Phe 
195 200 205 

TCT. GAG GTG CGG AAT GAC CTG ACT GGA GTT CTG TAT GGC GAG GAC ATT 672 
Ser Glu Val Arg Asn Asp Leu Thr Gly Val Leu Tyr Gly Glu Asp He 
210 215 220 

GAG ATT TCA GAC ACC GAG AGC TTC TCC AAC GAT CCC TGT ACC AGT GTC 720* 
Glu He Ser Asp Thr Glu Ser Phe Ser Asn Asp Pro Cys Thr Ser Val 
225 230 235 240 

AAA AAG CTG AAG GGG AAT GAT GTG CGG ATC ATC CTT GGC CAG TTT GAC 7 68 

Lys Lys Leu Lys Gly Asn Asp Val Arg lie He Leu Gly Gin Phe Asp 
245 250 255 

CAG AAT ATG GCA GCA AAA GTG TTC TGT TGT GCA TAC GAG GAG AAC ATG 816 

55 Gin Asn Met Ala Ala Lys Val Phe Cys Cys Ala Tyr Glu Glu Asn Met 
260 265 270 

TAT GGT AGT AAA TAT CAG TGG ATC ATT CCG GGC TGG TAC GAG CCT TCT 864 
Tyr Gly Ser Lys Tyr Gin Trp He He Pro Gly Trp Tyr Glu Pro Ser 
275 280 285 
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TGG TGG GAG CAG GTG CAC ACG GAA GCC AAC TCA TCC CGC TGC CTC CGG S12 
Trp Trp Glu Gin Val His Thr Glu Ala Asn Ser Ser Arg Cys Leu Arg 
290 295 300 



AAG AAT CTG CTT GCT GCC ATG GAG GGC TAC ATT GGC GTG GAT TTC GAG 
Lys Asn Leu Leu Ala Ala Met Glu Gly Tyr He Gly Val Asp Phe Glu 
305 310 315 320 



5 

960 



10 

1008 



CCC CTG AGC TCC AAG CAG ATC AAG ACC ATC TCA GGA AAG ACT CCA CAG 
Pro Leu Ser Ser Lys Gin He Lys Thr He Ser Gly Lys Thr Pro Gin 
325 330 335 

15 

CAG TAT GAG AGA GAG TAC AAC AAC AAG CGG TCA GGC GTG GGG CCC AGC 1056 

Gin Tyr Glu Arg Glu Tyr Asn Asn Lys Arg Ser Gly Val Gly Pro Ser 
340 345 350 

20 

AAG TTC CAC GGG TAC GCC TAC GAT GGC ATC TGG GTC ATC GCC AAG ACA 1104 
Lys Phe His Gly Tyr Ala Tyr Asp Gly He Trp Val He Ala Lys Thr 
355 360 365 

CTG CAG AGG GCC ATG GAG ACA CTG CAT GCC AGC AGC CGG CAC CAG CGG 1152 25 

Leu Gin Arg Ala Met Glu Thr Leu His Ala Ser Ser Arg His Gin Arg 
370 375 380 

ATC CAG GAC TTC AAC TAC ACG GAC CAC ACG CTG GGC AGG ATC ATC CTC 1200 30 

He Gin Asp Phe Asn Tyr Thr Asp His Thr Leu Gly Arg He He Leu 
385 390 395 400 

AAT GCC ATG AAC GAG ACC AAC TTC TTC GGG GTC ACG GGT CAA GTT GTA 1248 35 

Asn Ala Met Asn Glu Thr Asn Phe Phe Gly Val Thr Gly Gin Val Val 
405 410 t 415 

TTC CGG AAT GGG GAG AGA ATG GGG ACC ATT AAA TTT ACT CAA TTT CAA 1296 4 o' 

Phe Arg Asn Gly Glu Arg Met Gly Thr He Lys Phe Thr Gin Phe Gin 
420 425 430 

GAC AGC AGG GAG GTG AAG GTG GGA GAG TAC AAC GCT GTG GCC GAC ACA 1344 4 ^ 

Asp Ser Arg Glu Val Lys Val Gly Glu Tyr Asn Ala Val Ala Asp Thr 
435 440 445 

CTG GAG ATC ATC AAT GAC ACC ATC AGG TTC CAA GGA TCC GAA CCA CCA 1392 ^ 

Leu Glu He He Asn Asp Thr lie Arg Phe Gin Gly Ser Glu Pro Pro 
450 455 460 



AAA GAC AAG ACC ATC ATC CTG GAG CAG CTG CGG AAG ATC TCC CTA CCT 1440 
Lys Asp Lys Thr He He Leu Glu Gin Leu Arg Lys He Ser Leu Pro 
465 470 475 .480 

CTC TAC AGC ATC CTC TCT GCC CTC ACC ATC CTC GGG ATG ATC ATG GCC 1488 
Leu Tyr Ser He Leu Ser Ala Leu Thr He Leu Gly Met He Met Ala 
485 490 495 
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AGT GCT TTT CTC TTC TTC AAC ATC AAG AAC CGG AAT CAG AAG CTC ATA 153 6 

Ser Ala Phe Leu Phe Phe Asn He Lys Asn Arg Asn Gin Lys Leu He 
500 505 510 

AAG ATG TCG AGT CCA TAC ATG AAC AAC CTT ATC ATC CTT GGA GGG ATG 1584 
Lys Met Ser Ser Pro Tyr Met Asn Asn Leu He He Leu Gly Gly Met 
515 520 525 

CTC TCC TAT GCT TCC ATA TTT CTC TTT GGC CTT GAT GGA TCC TTT GTC 1632 
Leu Ser Tyr Ala Ser He Phe Leu Phe Gly Leu Asp Gly Ser Phe Val 
530 535 540 

TCT GAA AAG ACC TTT GAA ACA CTT TGC ACC GTC AGG ACC TGG ATT CTC 1680 
Ser Glu Lys Thr Phe Glu Thr Leu Cys Thr Val Arg Thr Trp He Leu 
545 550 555 560 

ACC GTG GGC TAC ACG ACC GCT TTT GGG GCC ATG TTT GCA AAG ACC TGG 1728 
Thr VaX Gly Tyr Thr Thr Ala Phe Gly Ala Met Phe Ala Lys Thr Trp 
565 570 575 

25 AGA GTC CAC GCC ATC TTC AAA AAT GTG AAA ATG AAG AAG AAG ATC ATC 1776 
Arg Val His Ala He Phe Lys Asn Val Lys Met Lys Lys Lys He He 
580 585 590 

30 AAG GAC CAG AAA CTG CTT GTG ATC GTG GGG GGC ATG CTG CTG ATC GAC 1824 
Lys Asp Gin Lys Leu Leu Val He Val Gly Gly Met Leu Leu He Asp 
595 600 605 

3S QTG TGT ATC CTG ATC TGC TGG CAG GCT GTG GAC CCC CTG CGA AGG ACA 1872 
Leu Cys He Leu He Cys Trp Gin Ala Val Asp Pro Leu Arg Arg Thr 
610 615 620 
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GTG GAG AAG TAC AGC ATG GAG CCG GAC CCA GCA GGA CGG GAT ATC TCC 1920 
Val Glu Lys Tyr Ser Met Glu Pro Asp Pro Ala Gly Arg Asp He Ser 
625 630 635 640 

ATC CGC CCT CTC CTG GAG CAC TGT GAG AAC ACC CAT ATG ACC ATC TGG 1968 
He Arg Pro Leu Leu Glu His Cys Glu Asn Thr His Met Thr He Trp 
645 650 655 

CTT GGC ATC GTC TAT GCC TAC AAG GGA CTT CTC ATG TTG TTC GGT TGT 2016 
Leu Gly He Val Tyr Ala Tyr Lys Gly Leu Leu Met Leu Phe Gly Cys 
660 665 670 

TTC TTA GCT TGG GAG ACC CGC AAC GTC AGC ATC CCC GCA CTC AAC GAC 2 064 

Phe Leu Ala Trp Glu Thr Arg Asn Val Ser He Pro Ala Leu Asn Asp 
675 680 685 

AGC AAG TAC ATC GGG ATG AGT GTC TAC AAC GTG GGG ATC ATG TGC ATC 2112 
Ser Lys Tyr He Gly Met Ser Val Tyr Asn Val Gly He Met Cys He 
690 695 700 
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GAG CTC AAT GAC ATC CTC AAC CTG GGA AAC TTC ACT GAG AGC ACA GAT 2 544 

Glu Leu Asn Asp lie Leu Asn Leu Gly Asn Phe Thr Glu Ser Thr Asp 
835 840 - 845 



CAG TGG AAC ACA ACA GAG CCC TCT CGA ACA TGC AAA GAT CCT ATA GAA 2640 

Gin Trp Asn Thr Thr Glu Pro Ser Arg Thr Cys Lys Asp Pro He Glu 
365 870 875 880 

GAT ATA AAC TCT CCA GAA CAC ATC CAG CGT CGG CTG TCC CTC CAG CTC 2 688 

Asp He Asn Ser Pro Glu His He Gin Arg Arg Leu Ser Leu Gin Leu 

885 890 895 
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ATC GGG GCC GCT GTC TCC TTC CTG ACC CGG GAC CAG CCC AAT GTG CAG 2160 
He Gly Ala Ala Val Ser Phe Leu Thr Arg Asp Gin Pro Asn Val Gin 
705 710 715 720 

TTC TGC ATC GTG GCT CTG GTC ATC ATC TTC TGC AGC ACC ATC ACC CTC 2208 
Phe Cys He Val Ala Leu Val He He Phe Cys Ser Thr He Thr Leu 
725 730 735 

TGC CTG GTA TTC GTG CCG AAG CTC ATC ACC CTG AG A ACA AAC CCA GAT 22 56 

Cys Leu Val Phe Val Pro Lys Leu He Thr Leu Arg Thr Asn Pro Asp 
740 745 750 

GCA GCA ACG CAG AAC AGG CGA TTC CAG TTC ACT CAG AAT CAG AAG AAA 23 04 

Ala Ala Thr Gin Asn Arg Arg Phe Gin Phe Thr Gin Asn Gin Lys Lys 
755 760 765 

GAA GAT TCT AAA ACG TCC ACC TCG GTC ACC AGT GTG AAC CAA GCC AGC 23 52 20 

Glu Asp Ser Lys Thr Ser Thr Ser Val Thr Ser Val Asn Gin Ala Ser 
770 775 780 

ACA TCC CGC CTG GAG GGC CTA CAG TCA GAA AAC CAT CGC CTG CGA ATG 2400 25 

Thr Ser Arg Leu Glu Gly Leu Gin Ser Glu Asn His Arg Leu Arg Met 
785 790 795 800 

AAG ATC ACA GAG CTG GAT AAA GAC TTG GAA GAG GTC ACC ATG CAG CTG 2448 30 

Lys He Thr Glu Leu Asp Lys Asp Leu Glu Glu Val Thr Met Gin Leu 
805 810 815 

CAG GAC ACA CCA GAA AAG ACC ACC TAC ATT AAA CAG AAC CAC TAC CAA 2496 ^ 

Gin Asp Thr Pro Glu Lys Thr Thr Tyr He Lys Gin Asn His Tyr Gin 
820 825 830 



40 



GGA GGA AAG GCC ATT TTA AAA AAT CAC CTC GAT CAA AAT CCC CAG CTA 2 592 

Gly Gly Lys Ala He Leu Lys Asn His Leu Asp Gin Asn Pro Gin Leu • 45 

850 855 860 
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CCC ATC CTC CAC CAC GCC TAC CTC CCA TCC ATC GGA GGC GTG GAC GCC 273 6 

Pro He Leu His His Ala Tyr Leu Pro Ser lie Gly Gly Val Asp Ala 

900 905 910 60 
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AGC TGT GTC AGC CCC TGC GTC AGC CCC ACC GCC AGC CCC CGC CAC AGA 27 84 

Ser Cys Val Ser Pro Cys Val Ser Pro Thr Ala Ser Pro Arg His Arg 
915 920 925 

5 

CAT GTG CCA CCC TCC TTC CGA GTC ATG GTC TCG GGC CTG TAA 2826 
His Val Pro Pro Ser Phe Arg Val Met Val Ser Gly Leu 
930 935 940 

10 

(2) INFORMATION ZU SEQ ID NO: 4: 

(i) SEQUENZ CHARAKTERISTIKA: 
15 (A) LANGE: 941 Aminosauren 

(B) ART: Aminosaure 
(D) TOPOLOGIE: linear 

(ii) ART DES MOLEKULS: Protein 

20 

(xi) SEQUENZBESCHREIBUNG: SEQ ID NO: 4: 

Met Ala Ser Pro Arg Ser Ser Gly Gin Pro Gly Pro Pro Pro Pro Pro 
15 10 15 

Pro Pro Pro Pro Ala Arg Leu Leu Leu Leu Leu Leu Leu Pro Leu Leu 
20 25 30 

30 Leu Pro Leu Ala Pro Gly Ala Trp Gly Trp Ala Arg Gly Ala Pro Arg 
35 40 45 

Pro Pro Pro Ser Ser Pro Pro Leu Ser lie Met Gly Leu Met Pro Leu 
35 50 55 60 

Thr Lys Glu Val Ala Lys Gly Ser lie Gly Arg Gly Val Leu Pro Ala 
65 70 75 80 

40 

Val Glu Leu Ala He Glu Gin He Arg Asn Glu Ser Leu Leu Arg Pro 
85 90 95 

Tyr Phe Leu Asp Leu Arg Leu Tyr Asp Thr Glu Cys Asp Asn Ala Lys 
45 100 105 110 

Gly Leu Lys Ala Phe Tyr Asp Ala He Lys Tyr Gly Pro Asn His Leu 
115 120 125 

50 

Met val Phe Gly Gly Val Cys Pro Ser Val Thr Ser He He Ala Glu 
130 135 140 

55 Ser Leu Gin Gly Trp Asn Leu Val Gin Leu Ser Phe Ala Ala Thr Thr 
145 150 155 160 

Pro Val Leu Ala Asp Lys Lys Lys Tyr Pro Tyr Phe Phe Arg Thr Val 
165 170 175 

60 

Pro Ser Asp Asn Ala Val Asn Pro Ala He Leu Lys Leu Leu Lys His 
180 185 190 

65 
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Tyr Gin Trp Lys Arg 
195 

Ser Glu Val Arg Asn 
210 

Glu He Ser Asp Thr 
225 

Lys Lys Leu Lys Gly 
245 

Gin Asn Met Ala Ala 
260 

Tyr Gly Ser Lys Tyr 
275 

Trp Trp Glu Gin Val 
290 

Lys Asn Leu Leu Ala 
305 

Pro Leu Ser Ser Lys 
325 

Gin Tyr Glu Arg Glu 
340 

Lys Phe His Gly Tyr 
355 

Leu Gin Arg Ala Met 
370 

He Gin Asp Phe Asn 
385 

Asn Ala Met Asn Glu 
405 

Phe Arg Asn Gly Glu 
420 

Asp Ser Arg Glu Val 
435 

Leu Glu He He Asn 
450 

Lys Asp Lys Thr He 
465 
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Val Gly Thr Leu Thr Gin 
200 

Asp Leu Thr Gly Val Leu 
215 

Glu Ser Phe Ser Asn Asp 
230 235 

Asn Asp Val Arg He He 
250 

Lys Val Phe Cys Cys Ala 
265 

Gin Trp He He Pro Gly 
280 

His Thr Glu Ala Asn Ser 
295 

Ala Met Glu Gly Tyr He 
310 315 

Gin He Lys Thr He Ser 
330 

Tyr Asn Asn Lys Arg Ser 
345 

Ala Tyr Asp Gly He Trp 
360 

Glu Thr Leu His Ala Ser 
375 

Tyr Thr Asp His Thr Leu 
390 395 

Thr Asn Phe Phe Gly Val 
410 

Arg Met Gly Thr He Lys 
425 

Lys Val Gly Glu Tyr Asn 
440 

Asp Thr He Arg Phe Gin 
455 

He Leu Glu Gin Leu Arg 
470 475 



Asp Val Gin Arg Phe 
205 

Tyr Gly Glu Asp He 
220 

Pro Cys Thr Ser Val 
240 

Leu Gly Gin Phe Asp 
255 

Tyr Glu Glu Asn Met 
270 

Trp Tyr Glu Pro Ser 
285 

Ser Arg Cys Leu Arg 
300 

Gly Val Asp Phe Glu 
320 

Gly Lys Thr Pro Gin 
335 

Gly Val Gly Pro Ser 
350 

Val He Ala Lys Thr 
365 

Ser Arg His Gin Arg 
380 

Gly Arg He He Leu 
400 

Thr Gly Gin Val Val 
415 

Phe Thr Gin Phe Gin 
430 

Ala Val Ala Asp Thr 
445 

Gly Ser Glu Pro Pro 
460 

Lys He Ser Leu Pro 
480 
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Leu Tyr Ser He Leu Ser Ala Leu Thr He Leu Gly Met He Met Ala 
485 490 495 

Ser Ala Phe Leu Phe Phe Asn He Lys Asn Arg Asn Gin Lys Leu He 
500 505 510 

Lys Met Ser Ser Pro Tyr Met Asn Asn Leu He He Leu Gly Gly Met 
515 520 525 

Leu Ser Tyr Ala Ser He Phe Leu Phe Gly Leu Asp Gly Ser Phe Val 
530 535 540 

Ser Glu Lys Thr Phe Glu Thr Leu Cys Thr Val Arg Thr Trp He Leu 
545 550 555 560 

Thr Val Gly Tyr Thr Thr Ala Phe Gly Ala Met Phe Ala Lys Thr Trp 
565 570 575 

Arg Val His Ala He Phe Lys Asn Val Lys Met Lys Lys Lys lie He 
580 585 590 

Lys Asp" Gin Lys Leu Leu Val He Val Gly Gly Met Leu Leu He Asp 
595 600 605 

Leu Cys He Leu He Cys Trp Gin Ala Val Asp Pro Leu Arg Arg Thr 
610 615 620 

Val Glu Lys Tyr Ser Met Glu Pro Asp Pro Ala Gly. Arg Asp He Ser 
625 630 635 640 

He Arg Pro Leu Leu Glu His Cys Glu Asn Thr His Met Thr He Trp 
645 650 655 

Leu Gly He Val Tyr Ala Tyr Lys Gly Leu Leu Met Leu Phe Gly Cys 
660 665 670 

Phe Leu Ala Trp Glu Thr Arg Asn Val Ser He Pro Ala Leu Asn Asp 
675 680 685 

Ser Lys Tyr He Gly Met Ser Val Tyr Asn Val Gly He Met Cys lie 
690 695 700 

He Gly Ala Ala Val Ser Phe Leu Thr Arg Asp Gin Pro Asn Val Gin 
705 710 715 720 

Phe Cys He Val Ala Leu Val He He Phe Cys Ser Thr He Thr Leu 
725 730 735 

Cys Leu Val Phe Val Pro Lys Leu He Thr Leu Arg Thr Asn Pro Asp 
740 745 750 

Ala Ala Thr Gin Asn Arg Arg Phe Gin Phe Thr Gin Asn Gin Lys Lys 
755 760 765 
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Glu Asp Ser Lys Thr Ser Thr Ser Val Thr Ser Val Asn Gin Ala Ser 
770 775 780 

Thr Ser Arg Leu Glu Gly Leu Gin Ser Glu Asn His Arg Leu Arg Met 
785 790 795 800 

Lys He Thr Glu Leu Asp Lys Asp Leu Glu Glu Val Thr Met Gin Leu 
805 810 815 

Gin Asp Thr Pro Glu Lys Thr Thr Tyr He Lys Gin Asn His Tyr Gin 
820 825 830 

Glu Leu Asn Asp He Leu Asn Leu Gly Asn Phe Thr Glu Ser Thr Asp 
835 840 845 

Gly Gly Lys Ala He Leu Lys Asn His Leu Asp Gin Asn Pro Gin Leu 
850 855 860 
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40 



Gin Trp Asn Thr Thr Glu Pro Ser Arg Thr Cys Lys Asp Pro He Glu 

865 870 875 880 2 5 

Asp He Asn Ser Pro Glu His He Gin Arg Arg Leu Ser Leu Gin Leu 
885 890 895 

30 

Pro He Leu His His Ala Tyr Leu Pro Ser He Gly Gly Val Asp Ala 
900 905 910 

Ser Cys Val Ser Pro Cys Val Ser Pro Thr Ala Ser Pro Arg His Arg 35 
915 920 925 

His Val Pro Pro Ser Phe Arg Val Met Val Ser Gly Leu 
930 935 940 

Patcntanspriiche 

1. Proteinheieromer, enthaltend mindestens ein GABA B -Rezeptorprotein und rnindestens ein Protein mit der in 
SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellte Aminosauresequenz oder eine daraus durch Substitution, Inversion, 45 
Insertion oder Deletion von einem oder mehreren Aminosaureresten erhaltliche Sequenz, wobei wenigstens noch 
eine der wesenl lichen biologischen Eigenschaften des in SEQ ID NO: 2 oder SEQ ID NO: 4 dargeslellten Proteins 
oder des Proteinheteromer erhalten bleibt. 

2. Isoliertes Protein, enthaltend die in SEQ ED NO: 2 oder SEQ ID NO: 4 dargestellte Aminosauresequenz oder 
eine daraus durch Substitution, Inversion, Insertion oder Deletion von einem oder mehreren Aminosaureresten er- 50 
haltliche Sequenz, wobei wenigstens noch eine der wesentlichen biologischen Eigenschaften des in SEQ ID NO: 2 
oder SEQ ID NO: 4 dargestellten Proteins erhalten bleibt. 

3. Nukleinsauresequenz codierend fiir ein Protein gemaB Anspruch 2. 

4. Nukleinsauresequenz nach Anspruch 3, dadurch gekennzeichnet, daB sie fur ein Protein codiert, das wenigstens 
60% Identitat mit der in SEQ ID NO: 2 oder SEQ ID NO: 4 dargestellten Sequenz hat. 55 

5. Nukleinsauresequenz nach Anspruch 3, dadurch gekennzeichnet, daB sie die in SEQ ID NO: 1 oder SEQ ID 
NO: 3 dargestellte Sequenz enthalt. 

6. Rekombinantcs Nukleinsaurekonstrukt, enthaltend eine Nukleinsauresequenz gemaB Anspruch 3 oder eine Nu- 
kleinsauresequenz gemaB Anspruch 3 und eine Sequenz, die fur ein GABA B -Rezeptorprotein kodiert, funktionell 
verknupft mit mindestens einem genetischen Regulationselernent. 60 

7. Wirtsorganismus, transformiert mit einer Nukleinsauresequenz gemaB Anspruch 3 oder einem rekombinanten 
Nukleinsaurekonstrukt gemaB Anspruch 6 oder mit einer Nukleinsauresequenz gemaB Anspruch 3 oder einem re- 
kombinanten Nukleinsaurekonstrukt gemaB Anspruch 6 zusammen mit einer Sequenz, die fur ein GABAB-Rezept- 
orprotein kediert. 

8. Wirtsorganismus, transformiert mit einem rekombinanten Nukleinsaurekonstrukt gemaB Anspruch 6. 65 

9. Transgene Tiere enthaltend eine funktionelle oder nicht funktionelle Nukleinsauresequenz gemaB den Ansprii- 
chen 3 bis 5 oder ein funktionelles oder nicht funktionelles Nukleinsaurekonstrukt nach Anspruch 6. 

10. Transgene Tiere, in dessen Keimzellen oder der Gesamlheil oder einem Teil der somatischen Zellen, oder in 
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dessen Keimzellen und der Gesamtheit oder einem Teil der somatischen Zellen die Nukleotidsequenz gemiiB An- 
spruch 3 durch gentechnische Verfahren verandert oder durch Einfugen von DNA-Elementen unterbrochen wurde. 

11 . Verwendung einer Nukleinsauresequenz gemaB Anspruch 3, eines Nukleinsaurekonstrukts gemaB Anspruch 6, 
eines Proteinheteromeren gemaB Anspruch 1 oder Proteins gemaB Anspruch 2 zur Identifizierung von Proteinen. 
die zu cincm Proieinheteromcrcn gemaB Anspruch 1 oder cinem Protein gemaB Anspruch 2 spezifische Bindungs- 
affinitaten aufweisen, oder zur Identifizierung von Nukleinsauren, die fur Proteine kodieren, die zu einem Protein- 
heteromeren gemaB Anspruch 1 oder einem Protein gemaB Anspruch 2 spezifische Bindungsafhnitaten aufweisen. 

12. Verwendung des two- hybrid Systems oder biochemischer Verfahren zur Identifizierung der Interaktionsdoma- 
nen von metabotropen Rezeptoren und Verwendung zur pharmakotherapeutischen Intervention. 

13. Verwendung der aus einer Strukturaufklarung eines Proleinheteromeren gemaB Anspruch 1 cxler eines Proteins 
gemaB Anspruch 2 resultierenden Information zum gezielten Auffinden oder zur gezielten HersteLlung von Substan- 
zen mit spezifischer Bindungsaktivitat zu einem Proteinheteromeren gemaB Anspruch 1 oder einem Protein gemaB 
Anspruch 2. 

14. Verwendung eines Proteinheteromeren gemaB Anspruch 1 oder eines Proteins gemaB Anspruch 2 oder Peptid- 
fragincntcn davon als Antigen zurErzcugung von spczifischen mono- oder polyklonalcn Antikorpern oder Antikor- 
pergemischen gerichtet gegen Proteine gemaB Anspruch 1 oder 2. 

15. Mono- oder polyklonale Antikorper oder Antikorpergemische, die spezifisch Proteine nach Anspruch 1 oder 2 
erkennen. 

16. Verwendung einer Nukleinsauresequenz gemaB Anspruch 3 oder eines Fragmentes davon zur Isolierung einer 
genoinischen Sequenz iiber Homologiescreening. 

17. Verwendung einer Nukleinsauresequenz gemaB Anspruch 3 als Marker fiir humane Erbkrankhcitcn. 

18. Verwendung einer Nukleinsauresequenz nach Anspruch 3 oder Teilen davon zur Gentherapie. 

19. Verwendung einer zu der Nukleinsauresequenz gemiiB Anspruch 3 oder zu Teilen von ihr komplementaren Nu- 
kleinsauresequenz zur Gentherapie; 

20. Verfahren zum Auffinden von Substanzen mit spezifischer Bindungsaffinitat zu einem Protein nach Anspruch 1 
oder 2, das folgcndc Schritte umfaBt: 

a) Inkubation des Proteins gemaB Anspruch 1 oder 2 mit der zu testenden Substanz. 

b) Detektion der Bindung der zu testenden Substanz an das Protein. 

21. Verfahren nach Anspruch 20, dadurch gekennzeichnet, daB die Detektion der Bindung durch Messen der Ant- 
agonisierung oder Agonisierung der GABAs-Rezeptor-Aktivitat erfolgt. 

22. Verfahren nach Anspruch 20, dadurch gekennzeichnet, daB die Detektion der Bindung von Substanzen an ein 
Protein gemaB Anspruch 1 durch Messen einer physiologischen Wirkung, wie z. B. einer Anderung der Calcium-, 
cAMP-, IP3-Konzentration oder des Membranpotentials, erfolgt. 

23. Verfahren zum qualitativen oder quantitativen Nachweis einer Nukleinsaure gemaB Anspruch 3 in einer biolo- 
gischen Probe, das einen oder mehrere der folgenden Schritte umfaBt: 

a) Tnkubation einer biologischen Probe mit einer bekannten Mcnge an Nukleinsaure gernaB Anspruch 3 oder 
einer bekannten Mcnge an Oligonukleotiden, die als Primer fiir eine Amplification der Nukleinsaure gemaB 
Anspruch 3 geeignet sind oder Mischungen davon, 

b) Nachweis der Nukleinsaure gemaB Anspruch 3 durch spezifische Hybridisierung oder PCR-Ainplifikation, 

c) Vergleich der Menge an hybridisierender Nukleinsaure gemaB Anspruch 3 oder an durch PCR Amplifika- 
tion gewonnener Nukleinsaure gemaB Anspruch 3 mit einem Standard. 

24. Verfahren zum qualitativen und quantitativen Nachweis eines Proteins gemaB Anspruch 1 oder 2 in einer bio- 
logischen Probe, das einen oder mehrere der folgenden Schritte umfaBt: 

a) Inkubation einer biologischen Probe mit einem Antikorper gemaB Anspruch 15, der spezifisch gegen'Pro- 
teine gemaB Anspruch 1 oder 2 gerichtet ist, 

b) Nachweis des Antikorper/Antigenkomplexes, 

c) Vergleich der Mengen des Antikorper/Antigenkomplexes mil einem Mengenstandard. 

25. Verfahren zum Auffinden von Substanzen, die spezifisch an ein Protein nut einer Aminosauresequenz gemaB 
Anspruch 2 binden, das einen oder mehrere der folgenden Schritte umfaBt: 

a) Expression des Proteins in eukaryotischen oder prokaryotischen Zellen. 

b) Inkubation des Proteins mit den zu testenden Substanzen. 

c) Nachweis der Bindung einer Subslanz an den Rezeplor b/w. eines Effektes auf die Rezeptorfunktion. 

26. Verfahren zum Auffinden von Substanzen, die spezifisch an ein Protein mit einer Aminosaurcsequen/. gemaB 
Anspruch 2 bzw. an eine Nukleinsauresequenz gemaB Anspruch 3 binden und dadurch hemmende oder aktivierende 
funktionelle Effekte auf die GAB Aerge Signal weiterleitung in zentralnervosen Neuronen hervorrufen. 

27. Verfahren zum Auffinden von Substanzen, die die Interaktion von Proteinen mit Aminosauresequenzen gemaB 
Anspruch 2 mit anderen metabotropen Rezeptoren hemmen oder verstarken. 

28. Verfahren /um Auffinden von Substanzen, die die Interaktion von Liganden mil dent Protcinheleromer gemaB 
Anspruch 1 oder Proteinen mit Aminosauresequenzen gemaB Anspruch 2 hemmen oder verstarken. 

29. Verfahren zum Auffinden von Substanzen, die die Interaktion von Proteinen mit Aminosauresequenzen gemaB 
Anspruch 2 mit G-Proteinen oder anderen Signaltransduktionsmolekulen hemmen oder verstarken. 

30. Verfahren zur qualitativen und quantitativen Bestimmung von Proteinen gemafi Anspruch 2 unter Benutzung 
von spezifischen Agonisten oder Antagonisten, 

31. Verfahren zur Quanufiziei-ng der Proteinaktivitat eines Proteins gemaB Anspruch 2. 



Hierzu 2 Seite(n) Zeichnungen 



30 



ZEICHNUNGEN SEITE 1 



Numme 
Int. CI. 7 : 

Offenlegungstag: 



DE 198 41 941 A1 
C07K 16/00 

16. Marz 2000 



Figur 1 



A) 



2*. 




B) 




Cortex 

Thalamus 
Hippokampus 



ZEICHNUNGEN SEITE 2 Nl DE 19841 941 A1 

! Int. CI.': C07K 16/00 

Offenlegungstag: 16, Mar7 2000 



ISM21 




rH 


rH 


r-l 


rH 






rH 


m 


r-l 


in 










VO 


rH 


cn 


CN 


m 




VD 


VD 














tH 




























rH 






















oo 












































PQ 




< 


CQ 










< 


PQ 




< 


CM 


rH 




CN 




rH 


CN 






CN 








O 


pc; 


Pi 


o 






o 




o 




« 




m 




W 






w 




w 


o 


a 


CO 


o 


O 


CO 


a 


O 


CO 


O 


CO 



CN VO 
CN CN 



00 

cn 

CN 
CO 

r-l CN 

CO W 
CD CO 





w 










•J 










vo 


00 


00 




rH 














CN 




CO 








r-l 


CN 




Ot 


m 


w 


o 


CO 



rH 


vo 


CO 


vo 


00 


CN 


vo 


rH 






cn 


o 


in 


VO 


rH 


CN 


CN 


CN 


CN 


m 


m 


m 




-tf 






















^ 












in 




rH 








m 




CO 








-a* 




in 




to 








CO 




m 




















< 




< 












rH 


CN 


H 


CN 


rH 


CN 


rH 


CN 


Pi 


o 


PS 


O 


a; 


o» 


as 


O 


CO 


w 


m 


W 




w 


co 


w 


o 


CO 


o 


CO 


a 


CO 


a 


CO 



2 m6Td 



902 071/406 



US 2002/0156265 Al 



9 



Oct. 24, 2002 



cells, and new and useful methods for cultured growth of 
such host cells capable of expression of the polypeptide and 
related products. 

[0132] Vectors which comprise the isolated nucleic acid 
molecule described hereinabove also are provided. Suitable 
vectors comprise, but arc not limited to, a plasmid or a virus. 
These vectors may be transformed into a suitable host cell to 
form a host cell expression system for the production of a 
GABA R R2 polypeptide. Suitable host cells include, for 
example, neuronal cells such as the glial cell line C6, a 
Xenopus cell such as an oocyte or melanophore cell, as well 
as numerous mammalian cells and non-ncuronal cells. 

[0133] This invention further provides for any vector or 
plasmid which comprises modified untranslated sequences, 
which are beneficial for expression in desired host cells or 
for use in binding or functional assays. For example, a vector 
or plasmid with untranslated sequences of varying lengths 
may express differing amounts of the polypeptide depending 
upon the host cell used. In an embodiment, the vector or 
plasmid comprises the coding sequence of the polypeptide 
and the regulatory elements necessary for expression in the 
host cell. 

[0134] As used herein, the phrase "specifically hybridiz- 
ing" means the ability of a nucleic acid molecule to recog- 
nize a nucleic acid sequence complementary to its own and 
to form double -helical segments through hydrogen bonding 
between complementary base pairs. The term "complemen- 
tary" is used in its usual sense in the art, i.e., G and C are 
complementary and A is complementary to T(or U in RNA), 
such that two strands of nucleic acid are "complementary" 
only if every base matches the opposing base exactly. 

[0135] This invention is directed to a purified GABA B R2 
protein. 

[0136] This invention is directed to a vector comprising a 
above- identified nucleic acid. 

[0137] In one embodiment, the vector is adapted for 
expression in a bacterial cell which comprises the regulatory 
elements necessary for expression of the nucleic acid in the 
bacterial cell operatively linked to the nucleic acid encoding 
a GABA n R2 polypeptide so as to permit expression thereof. 

[0138] In another embodiment, the vector is adapted for 
expression in an amphibian cell which comprises the regu- 
latory elements necessary for expression of the nucleic acid 
in the amphibian cell operatively linked to the nucleic acid 
encoding a GABA B R2 polypeptide so as to permit expres- 
sion thereof. 

[0139] In another embodiment, the vector is adapted for 
expression in a yeast cell which comprises the regulatory 
elements necessary for expression of the nucleic acid in the 
yeast cell operatively linked to the nucleic acid encoding a 
GABA B R2 polypeptide so as to permit expression thereof. 

[0140] In another embodiment, the vector is adapted for 
expression in an insect cell which comprises the regulatory 
elements necessary for expression of the nucleic acid in the 
insect cell operatively linked to the nucleic acid encoding 
the GABA B R2 polypeptide so as to permit expression 
thereof. 



[0141] In one .embodiment, the vector is a baculovirus. 

[0142] In another embodiment, the vector is adapted for 
expression in a mammalian cell which comprises the regu- 
latory elements necessary for expression of the nucleic acid 
in the mammalian cell operatively linked to the nucleic acid 
encoding a GABA B R2 polypeptide so as to permit expres- 
sion thereof. 

[0143] In one embodiment, the vector is a plasmid. 

[0144] In a further embodiment, the plasmid is designated 
BO-55 (ATCC Accession No. 209104). 

[0145] In a further embodiment, the plasmid is designated 
P EXJT3T7-hGABAB2 (ATCC Accession No. 203515). 

[0146] This invention provides a plasmid designated 
pEXJT3T7-hGABAB2 (ATCC Accession No. 203515) 
which comprises the regulatory elements necessary for 
expression of DNA in a mammalian cell operatively linked 
to DNA encoding the human polypeptide so as to permit 
expression thereof. 

[0147] This plasmid (pEXJT3T7-hGABAB2) was depos- 
ited on Dec. 9, 1998, with the American Type Culture 
Collection (ATCC), 10801 University Blvd., Manassas, Va. 
20110-2209, U.S.A. under the provisions of the Budapest 
Treaty for the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure and 
was accorded ATCC Accession No. 203515. 

[0148] This invention provides a plasmid designated 
BO-55 (ATCC Accession No. 209104) which comprises the 
regulatory elements necessary for expression of DNA in a 
mammalian cell operatively linked to DNA encoding the rat 
polypeptide so as to permit expression thereof. 

[0149] This plasmid (BO-55) was deposited on Jun. 10, 
1997, with the American Type Culture Collection (ATCC), 
12301 Parklawn Drive, Rockville, Md. 20852, U.S.A. under 
the provisions of the Budapest Treaty for the International 
Recognition of the Deposit of Microorganisms for the Pur- 
poses of Patent Procedure and was accorded ATCC Acces- 
sion No. 209104. 

[0150] Nucleic acid probe technology is well known to 
those skilled in the art who will readily appreciate that such 
probes may vary greatly in length and may be labeled with 
a detectable label, such as a radioisotope or fluorescent dye, 
to facilitate detection of the probe. DNA probe molecules 
may be produced by insertion of a DNA molecule which 
encodes the polypeptides of this invention into suitable 
vectors, such as plasmids or bacteriophages, followed by 
transforming into suitable bacterial host cells, replication in 
the transformed bacterial host cells and harvesting of the 
DNA probes, using methods well known in the art. Alter- 
natively, probes may be generated chemically from DNA 
synthesizers. 

[0151] RNA probes may be generated by inserting the 
DNA molecule which encodes the polypeptides of this 
invention downstream of a bacteriophage promoter such as 
T3, T7 or SP6. Large amounts of RNA probe may be 
produced by incubating the labeled nucleotides with the 
linearized fragment where it contains an upstream promoter 
in the presence of the appropriate RNA polymerase. 

[0152] This invention is directed to a method of detecting 
a nucleic acid encoding a GABA B R2 polypeptide, which 
comprises contacting the nucleic acid with a probe compris- 
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ing al least 15 nucleotides, which probe specifically hybrid- 
izes with the nucleic acid encoding the GABA n R2 polypep- 
tide, wherein the probe has a unique sequence, which 
sequence is present within one of the two strands of the 
nucleic acid encoding the GABA B R2 polypeptide contained 
in plasmid BO-55, and detecting hybridization of the probe 
to the nucleic acid. 

[0153] This invention is directed to a method of detecting 
a nucleic acid encoding a GABA U R2 polypeptide, which 
comprises contacting the nucleic acid with a probe compris- 
ing at least 15 nucleotides, which probe specifically hybrid- 
izes with the nucleic acid encoding the GABA B R2 polypep- 
tide, wherein the probe has a unique sequence, which 
sequence is present within (a) the nucleic acid sequence 
shown in FIGS. 22A-22D (SEQ ID NO:46) or (b) the 
reverse complement to the nucleic acid sequence shown in 
FIGS. 22A-22D (SEQ ID NO:46), and detecting hybridiza- 
tion of the probe to the nucleic acid. 

[0154] *l*his invention is directed to a method of detecting 
a nucleic acid encoding a GABA U R2 polypeptide, which 
comprises contacting the nucleic acid with a probe compris- 
ing at least 15 nucleotides, which probe specifically hybrid- 
izes with the nucleic acid encoding the GABA B R2 polypep- 
tide, wherein the probe has a unique sequence, which 
sequence is present within one of the two strands of the 
nucleic acid encoding the GABA B R2 polypeptide contained 
in plasmid pEXJT3T7-hGABAB2 and detecting hybridiza- 
tion of the probe to the nucleic acid. 

[0155] This invention is directed to a method of detecting 
a nucleic acid encoding a GABA B R2 polypeptide, which 
comprises contacting the nucleic acid with a probe compris- 
ing at least 15 nucleotides, which probe specifically hybrid- 
izes with the nucleic acid encoding the GABA B R2 polypep- 
tide, wherein the probe has a unique sequence, which 
sequence is present within (a) the nucleic acid sequence 
shown in FIGS. 3A-3D (SEQ ID NO:3) or (b) the reverse 
complement to the nucleic acid sequence shown io FIGS. 
3A-3D (SEQ ID NO:3), and detecting hybridization of the 
probe to the nucleic acid. 

[0156] In one embodiment, the nucleic acid is DNA. 

[0157] In another embodiment, the nucleic acid is RNA. 

[0158] In one embodiment, the probe comprises at least 15 
nucleotides complementary to a unique segment of the 
sequence of the nucleic acid molecule encoding the 
GABA B R2 polypeptide. 

[0159] This invention is directed to a method of detecting 
a nucleic acid encoding a GABA B R2 polypeptide, which 
comprises contacting the nucleic acid with a probe compris- 
ing a nucleic acid of at least 15 nucleotides which is 
complementary to the antisense sequence of a unique seg- 
ment of the sequence of the nucleic acid encoding the 
GABA B R2 polypeptide, and detecting hybridization of the 
probe to the nucleic acid. 

[0160] This invention is directed to a method of inhibiting 
translation of mRNA encoding a GABA B R2 polypeptide 
which comprises contacting such mRNA with an antisense 
oligonucleotide having a sequence capable of specifically 
hybridizing to the above-identified mRNA, so as to prevent 
translation of the mRNA. 



[0161] This invention is directed to a method of inhibiting 
translation of mRNA encoding a GABA n R2 polypeptide 
which comprises contacting such mRNA with an antisense 
oligonucleotide having a sequence capable of specifically 
hybridizing to the above -identified genomic DNA. 

[0162] In one embodiment, the oligonucleotide comprises 
chemically modified nucleotides or nucleotide analogues. 

[0163] In another embodiment, the isolated antibody is 
capable of binding to a G ABA B R2 polypeptide encoded by 
an above-identified nucleic acid. 

[0164] In another embodiment, the GABA B R2 polypep- 
tide is a human GABA B R2 polypeptide. 

[0165] This invention is directed to an antibody capable of 
competitively inhibiting the binding of an above-identified 
antibody to a GABA B R2 polypeptide. 

[0166] In one embodiment, the antibody is a monoclonal 
antibody. 

[0167] In one embodiment, the monoclonal antibody is 
directed to an epitope of a GABA B R2 polypeptide present 
on the surface of a GABA B R2 polypeptide expressing cell. 

[0168] In another embodiment, the oligonucleotide is 
coupled to a substance which inactivates mRNA. 

[0169] In another embodiment, the substance which inac- 
tivates mRNA is a ribozyme. 

[0170] This invention is directed to a pharmaceutical 
composition which comprises an amount of an above- 
identified antibody effective to block binding of a ligand to 
the GABA B R2 polypeptide and a pharmaceutically accept- 
able carrier. 

[0171] As used herein, "pharmaceutically acceptable car- 
riers" means any of the standard pharmaceutically accept- 
able carriers. Examples include, but are not limited to, 
phosphate buffered saline, physiological saline, water and 
emulsions, such as oil/water emulsions. 

[0172] Animal model systems which elucidate the physi- 
ological and behavioral roles of the polypeptides of this 
invention are produced by creating transgenic animals in 
which the activity of the polypeptide is either increased or 
decreased, or the amino acid sequence of the expressed 
polypeptide is altered, by a variety of techniques. Examples 
of these techniques include, but are not limited to: 1) 
Insertion of normal or mutant versions of DNA encoding the 
polypeptide, by microinjection, electroporation, retroviral 
transfection or other means well known to those skilled in 
the art, into appropriate fertilized embryos in order to 
produce a transgenic animal or 2) Homologous recombina- 
tion of mutant or normal, human or animal versions of these 
genes with the native gene locus in transgenic animals to 
alter the regulation of expression or the structure of these 
polypeptide sequences. The technique of homologous 
recombination is well known in the art. It replaces the native 
gene with the inserted gene and so is useful for producing an 
animal that cannot express native polypeptides but does 
express, for example, an inserted mutant polypeptide, which 
has replaced the native polypeptide in the animal's genome 
by recombination, resulting in underexpression of the trans- 
porter. Microinjection adds genes to the genome, but does 
not remove them, and so is useful for producing an animal 
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which expresses its own and added polypeptides, resulting 
in overcxpression of the polypeptides. 

[0173] One means available for producing a transgenic 
animal, with a mouse as an example, is as follows: Female 
mice are mated, and the resulting fertilized eggs are dis- 
sected out of their oviducts. The eggs arc stored in an 
appropriate medium such as M2 medium. DNA or cDNA 
encoding a polypeptide of this invention is purified from a 
vector by methods well known in the art. Inducible promot- 
ers may be fused with the coding region of the DNA to 
provide an experimental means to regulate expression of the 
trans-gcnc. Alternatively, or in addition, tissue specific regu- 
latory elements may be fused with the coding region to 
permit I issue -specific expression of the trans-gene. The 
DNA, in an appropriately buffered solution, is put into a 
microinjection needle (which may be made from capillary 
tubing using a pipet puller) and the egg to be injected is put 
in a depression slide. The needle is inserted into the pro- 
nucleus of the egg, and the DNA solution is injected. The 
injected' egg is then transferred into the oviduct of a 
pseudopregnanl mouse (a mouse stimulated by the appro- 
priate hormones to maintain pregnancy but which is not 
actually pregnant), where it proceeds to the uterus, implants, 
and develops to term. As noted above, microinjection is not 
the only method for inserting DNA into the egg cell, and is 
used here only for exemplary purposes. 

[0174] ltiis invention is directed to a transgenic, nonhu- 
man mammal expressing DNA encoding a GABA n R2 
polypeptide. 

[0175] This invention is directed to a transgenic, nonhu- 
man mammal comprising a homologous recombination 
knockout of the native GABA B R2 polypeptide. 

[0176] This invention is further directed to a transgenic, 
nonhuman mammal whose genome comprises antisense 
DNA complementary to DNA encoding a GABA B R2 
polypeptide so placed as to be transcribed into antisense 
mRNA which is complementary to mRNA encoding such 
GABA B R2 polypeptide and which hybridizes to such 
mRNA encoding such GABA R R2 polypeptide, thereby 
reducing its translation. 

[0177] This invention is directed to an above- identified 
transgenic, nonhuman mammal, wherein the DNA encoding 
the G ABA B R2 polypeptide additionally comprises an induc- 
ible promoter. 

[0178] This invention is directed to an above- identified 
transgenic, nonhuman mammal, wherein the DNA encoding 
the GABA B R2 polypeptide additionally comprises tissue 
specific regulatory elements. 

[0179] This invention is directed to an above-identified 
transgenic, nonhuman mammal, wherein the transgenic, 
nonhuman mammal is a mouse. 

[0180] This invention is directed to method of detecting 
the presence of a GABA B R2 polypeptide on the surface of 
a cell which comprises contacting the cell with an above- 
identified antibody under conditions permitting binding of 
the antibody to the polypeptide, detecting the presence of the 
antibody bound to the cell, and thereby detecting the pres- 
ence of a GABA B R2 polypeptide on the surface of the cell. 



[0181] This invention is directed to a method of preparing 
a purified GABA n R2 polypeptide which comprises: 

[0182] a. inducing cells to express a GABA B R2 
polypeptide; 

[0183] b. recovering the polypeptide so expressed 
from the induced cells; and 
[0184] c. purifying the polypeptide so recovered. 

[0185] This invention is directed to a method of preparing 
the purified GABA B R2 polypeptide which comprises: 

[0186] a. inserting a nucleic acid encoding the 

GABA B R2 polypeptide into a suitable vector; 
[0187] b. introducing the resulting vector in a suitable 
host cell; 

[0188] c. placing the resulting cell in suitable condi- 
tion permitting the production of the GABA B R2 
polypeptide; 

[0189] d. recovering the polypeptide produced by the 

resulting cell; and 
[0190] e. isolating or purifying the polypeptide so 

recovered. 

[0191] This invention is directed to a GABA R R1/R2 
receptor comprising two polypeptides, one of which is a 
GABA B R2 polypeptide and another of which is a 
GABA B R1 polypeptide. 

[0192] This invention is directed to a method of forming 
a GABA B R1/R2 receptor which comprises inducing cells to 
express both a GABA B R1 polypeptide and a GABA B R2 
polypeptide. 

[0193] GABA B R1 as used in this application could be 
GABA B Rla or GABA B Rlb. The observation that at least 
two variants of the GABA U R1 polypeptide exist raises the 
possibility that GABA B R2 splice variants may exist or that 
there may exist introns in coding or non-coding regions of 
the genes encoding the GABA B R2 polypeptides. In addi- 
tion, spliced form(s) of mRNA may encode additional amino 
acids either upstream of the currently defined starting 
methionine or within the coding region. Further, the exist- 
ence and use of alternative exons is possible, whereby the 
mRNA may encode different amino acids within the region 
comprising the exon. In addition, single amino acid substi- 
tutions may arise via the mechanism of RNA editing such 
that the amino acid sequence of the expressed protein is 
different than that encoded by the original gene (Burns et al., 
1996; Chu et al.-, 1996). Such variants may exhibit pharma- 
cologic properties differing from the polypeptide encoded by 
the original gene. 

[0194] The activity of a G-protein coupled receptor 
(GPCR) typically is measured using any of a variety of 
functional assays in which activation of the receptor in 
question results in an observable change in the level of some 
second messenger system, including but not limited to 
adenylate cyclase, calcium mobilization, arachidonic acid 
release, ion channel activity, inositol phospholipid hydroly- 
sis or guanylyl cyclase. Heterologous expression systems 
utilizing appropriate host cells to express the nucleic acids of 
the subject invention arc used to obtain the desired second 
messenger coupling. Receptor activity may also be assayed 
in an oocyte expression system. 

[0195] The pharmacologic properties of the receptor 
described herein when GABA B R2 is co-expressed with 
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GABA B R1, are similar to the pharmacologic properties of 
the GABA n receptor observed using tissues. For conve- 
nience, in the context of the present invention applicants will 
refer to the product of the heterologous coexpression of 
GABA B R2 and GABA B R1 as the "GABA B R1/R2 recep- 
tor." Thus, a cell expressing nucleic acid encoding a 
GABA B R1/R2 receptor is to be understood to refer to a cell 
expressing both nucleic acid encoding a GABA B R1 
polypeptide and nucleic acid encoding a GABA R R2 
polypeptide. In this application, GABA B R1 can be cither 
GABA B Rla or GABA B Rlb. 

[0196] This invention is directed to an antibody capable of 
binding to a GABA B R1/R2 receptor, wherein the 
GABA B R2 polypeptide is encoded by an above- identified 
nucleic acid. 

[0197] This invention is directed to an above-identified 
antibody, wherein the GABA B R2 polypeptide is a human 
GABA B R2 polypeptide. 

[0198] This invention is directed to an antibody capable of 
competitively inhibiting the binding of an above- identified 
antibody to a GABA B R1/R2 receptor. 

[0199] In one embodiment, the antibody is a monoclonal 
antibody. 

[0200] This invention is directed to an above-identified 
monoclonal antibody directed to an epitope of a GABA n Rl/ 
R2 receptor present on the surface of a GABA B R1/R2 
polypeptide expressing cell. 

[0201] This invention is directed lo a pharmaceutical 
composition which comprises an amount of an above - 
identified antibody effective to block binding of a ligand to 
the GABA B R1/R2 receptor and a pharmaceutical^ accept- 
able carrier. 

[0202] This invention is directed to a transgenic, nonhu- 
m an mammal expressing a GABA B R1/R2 receptor, which is 
not naturally expressed by the mammal. 

[0203] This invention is directed to a transgenic, nonhu- 
man mammal comprising a homologous recombination 
knockout of the native GABA B R1/R2 receptor. 

[0204] In one embodiment, the transgenic nonhuman 
mammal is a mouse. 

[0205] Tli is invention is directed to a method of detecting 
the presence of a GABA B R1/R2 receptor on the surface of 
a cell which comprises contacting the cell with an above- 
identified antibody under conditions permitting binding of 
the antibody to the receptor, detecting the presence of the 
antibody bound to the cell, and thereby detecting the pres- 
ence of a GABA B R1/R2 receptor on the surface of the cell. 

[0206] This invention is directed to a method of determin- 
ing the physiological effects of varying levels of activity of 
GABA B R1/R2 receptors which comprises producing an 
above-identified transgenic nonhuman mammal whose lev- 
els of GABA B R1/R2 receptor activity vary due to the 
presence of an inducible promoter which regulates 
GABA D R1/R2 receptor expression. 

[0207] This invention is directed to a method of determin- 
ing the physiological effects of varying levels of activity of 
GABA B R1/R2 receptors which comprises producing a panel 



of above-identified transgenic nonhuman mammals, each 
expressing a different amount of GABA n Rl/R2 receptor. 

[0208] This invention is directed to a method for identi- 
fying an antagonist capable of alleviating an abnormality, by 
decreasing the activity of a GABA B R1/R2 receptor com- 
prising administering a compound to a above-identified 
transgenic nonhuman mammal, and determining whether the 
compound alleviates the physical and behavioral abnormali- 
ties displayed by the transgenic, nonhuman mammal, the 
alleviation of the abnormality identifying the compound as 
the antagonist. 

[0209] This invention is directed to an antagonist identi- 
fied by an above -identified method. 

[0210] This invention is directed to a pharmaceutical 
composition comprising an above-identified antagonist and 
a pharmaceutical^ acceptable carrier. 

[0211] This invention is directed to a method of treating an 
abnormality in a subject wherein the abnormality is allevi- 
ated by decreasing the activity of a GABA U R1/R2 receptor 
which comprises administering to a subject an effective 
amount of an above -identified pharmaceutical composition, 
thereby treating the abnormality. 

[0212] This invention is directed to a method for identi- 
fying an agonist capable of alleviating an abnormality, by 
increasing the activity of a GABA B R1/R2 receptor compris- 
ing administering a compound lo an above-identified trans- 
genic nonhuman mammal, and determining whether the 
compound alleviates the physical and behavioral abnormali- 
ties displayed by the transgenic, nonhuman mammal, the 
alleviation of the abnormality identifying the compound as 
the agonist. 

[0213] This invention is directed to an agonist identified 
by an above -identified method. 

[0214] This invention is directed to a pharmaceutical 
composition comprising an above -identified agonist and a 
pharmaceutical^ acceptable carrier. 

[0215] This invention is directed to a method for treating 
an abnormality in a subject wherein the abnormality is 
alleviated by increasing the activity of a GABA B R1/R2 
receptor which comprises administering to a subject an 
effective amount of an above -identified pharmaceutical 
composition, thereby treating the abnormality. 

[02 16] This invention is directed to a cell which expresses 
on its surface a mammalian GABA B R1/R2 receptor that is 
not naturally expressed on the surface of such cell. 

[0217] This invention is directed to a cell, wherein the 
mammalian GABA B R1/R2 receptor comprises two 
polypeptides, one of which is a GABA B R2 polypeptide and 
another of which is a GABA B R1 polypeptide. 

[0218] This invention is directed to a process for identi- 
fying a chemical compound which specifically binds to a 
GABA B R1/R2 receptor which comprises contacting cells 
containing nucleic acid encoding and expressing on their 
cell surface the GABA B R1/R2 receptor, wherein such cells 
do not normally express the GABA B R1/R2 receptor, with 
the compound under conditions suitable for binding, and 
detecting specific binding of the chemical compound to the 
GABA B R1/R2 receptor. 
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[0219] This invention is directed to a process for identi- 
fying a chemical compound which specifically binds to a 
GABA B R1/R2 receptor which comprises contacting a mem- 
brane fraction from a cell extract of cells containing nucleic 
acid encoding and expressing on their cell surface the 
GABA B R1/R2 receptor, wherein such cells do not normally 
express the GABA B R1/R2 receptor, with the compound 
under conditions suitable for binding, and detecting specific 
binding of the chemical compound to the GABA B R1/R2 
receptor. 

[0220] In one embodiment, the GABA B R1/R2 receptor is 
a mammalian GABA B R1/R2 receptor. 

[0221] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that encoded by the 
plasmid BO-55 (ATCC Accession No. 209104). 

[0222] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same sequence as the amino acid sequence shown 
in FIGS. 23A-23D (SEQ ID NO:47). 

[0223] In another embodiment, the GABA U R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has the amino 
acid, sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

[0224] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that encoded by the 
plasmid P EXJT3T7-hGABAB2 (ATCC Accession No. 
203515). 

[0225] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA n R2 polypeptide which has substan- 
tially the same amino acid sequence as the sequence shown 
in FIGS. 23A-23D (SEQ ID NO:47). 

[0226] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has the 
sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

[0227] In another embodiment, the compound is not pre- 
viously known to bind to a GABA B R1/R2 receptor. 

[0228] This invention is directed to a compound identified 
by an above-identified process. 

[0229] In one embodiment, the cell is an insect cell. 

[0230] In another embodiment, the cell is a mammalian 
cell. 

[0231] In another embodiment, the cell is nonneuronal in 
origin. 

[0232] In another embodiment, the nonneuronal cell is a 
COS-7 cell, 293 human embryonic kidney cell, a CHO cell, 
a NIH-3T3 cell a mouse Yl cell or LM(tk-) cell. 

[0233] In another embodiment, the compound is not pre- 
viously known to bind to a GABA B R1/R2 receptor. 

[0234] This invention is directed to a compound identified 
by an above -identified process. 

[0235] This invention is directed to a process involving 
competitive binding for identifying a chemical compound 
which specifically binds to a GABA B R1/R2 receptor which 
comprises separately contacting cells expressing on their 
cell surface the GABA B R1/R2 receptor, wherein such cells 



do not normally express the GABA B R1/R2 receptor, with 
both the chemical compound and a second chemical com- 
pound known to bind to the receptor, and with only the 
second chemical compound, under conditions suitable for 
binding of both compounds, and detecting specific binding 
of the chemical compound to the GABA B R1/R2 receptor, a 
decrease in the binding of the second chemical compound to 
the GABA B R1/R2 receptor in the presence of the chemical 
compound indicating that the chemical compound binds to 
the GABA B R1/R2 receptor. 

[0236] This invention is directed to a process involving 
competitive binding for identifying a chemical compound 
which specifically binds to a human GABA R R1/R2 receptor 
which comprises separately contacting a membrane fraction 
from a cell extract of cells expressing on their cell surface 
the GABA B R1/R2 receptor, wherein such cells do not 
normally express the GABA B R1/R2 receptor, with both the 
chemical compound and a second chemical compound 
known to bind to the receptor, and with only the second 
chemical compound, under conditions suitable for binding 
of both compounds, and detecting specific binding of the 
chemical compound to the GABA B R1/R2 receptor, a 
decrease in the binding of the second chemical compound to 
the GABA B R1/R2 receptor in the presence of the chemical 
compound indicating that the chemical compound binds to 
the GABA B R1/R2 receptor. 

[0237] In one embodiment, the GABA B R1/R2 receptor is 
a mammalian GABA B R1/R2 receptor. 

[0238] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that encoded by 
plasmid BO-55 (AJ'CC Accession No. 209104). 

[0239] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that shown in FIGS. 
23A-23D (SEQ ID NO:47). 

[0240] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA U R2 polypeptide which has the amino 
acid sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

[0241] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA R R2 polypeptide which has substan- 
tially the same amino acid sequence as thai encoded by 
plasmid pEXJT3T7-hGABAB2 (ATCC Accession No. 
203515). 

[0242] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as the sequence shown 
in FIGS. 23A-23D (SEQ ID NO:47). 

[0243] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has the 
sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

[0244] In another embodiment, the cell is an insect cell. 

[0245] In another embodiment, the cell is a mammalian 
cell. 

[0246] In another embodiment, the cell is nonneuronal in 
origin. 

[0247] In another embodiment, the nonneuronal cell is a 
COS-7 cell, 293 human embryonic kidney cell, a CHO cell, 
a N1H-3T3 cell a mouse Yl cell or LM(tk-) cell. 
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[0248] In another embodiment, the compound is not pre- 
viously known to bind to a GABA n Rl/R2 receptor. 

[0249] This invention is directed to a compound identified 
by an above -identified process. 

[0250] This invention is directed to a method of screening 
a plurality of chemical compounds not known to bind to a 
GABA B R1/R2 receptor to identify a compound which spe- 
cifically binds to the GABA R R1/R2 receptor, which com- 
prises 

[0251] (a) contacting cells containing nucleic acid 
encoding and expressing on their cell surface the 
GABA B R1/R2 receptor, wherein such cells do not 
normally express the GABA B R1/R2 receptor, with a 
compound known to bind specifically to the 
GABA B R1/R2 receptor; 

[0252] (b) contacting the same cells as in step (a) 
with the plurality of compounds not known to bind 
specifically to the GABA B R1/R2 receptor, under 
conditions permitting binding of compounds known 
to bind the GABA B R1/R2 receptor; 

[0253] (c) determining whether the binding of the 
compound known to bind specifically to the 
GABA B R1/R2 receptor is reduced in the presence of 
the plurality of the compounds, relative to the bind- 
ing of the compound in the absence of the plurality 
of compounds, and if the binding is reduced; 

[0254] (d) separately determining the extent of bind- 
ing to the GABA B R1/R2 receptor of each compound 
included in the plurality of compounds, so as to 
thereby identify the compound or compounds 
present in such plurality of compounds which spe- 
cifically binds to the GABA B R1/R2 receptor. 

[0255] This invention is directed to a method of screening 
a plurality of chemical compounds not known to bind to a 
GABA B R 1/R2 receptor to identify a compound which 
specifically binds to the GABA B R1/R2 receptor, which 
comprises 

[0256] (a) contacting a membrane fraction extract 
from cells containing nucleic acid encoding and 
expressing on their cell surface the GABA B R1/R2 
receptor, wherein such cells do not normally express 
the GABA B R1/R2 receptor, with a compound 
known to bind specifically to the GABA B R1/R2 is 
receptor; 

[0257] (b) contacting the same membrane fraction as 
in step (a) with the plurality of compounds not 
known to bind specifically to the GABA B R1/R2 
receptor, under conditions permitting binding of 
compounds known to bind the GABA B R1/R2 recep- 
tor; 

[0258] (c) determining whether the binding of the 
compound known to bind specifically to the 
GABA B R1/R2 receptor is reduced in the presence of 
the plurality of compounds, relative to the binding of 
the compound in the absence of the plurality of 
compounds, and if the binding is reduced; 

[0259] (d) separately determining the extent of bind- 
ing to the GABA B R1/R2 receptor of each compound 
included in the plurality of compounds, so as to 



thereby identify the compound or compounds 
present in such plurality of compounds which spe- 
cifically binds to the GABA B R1/R2 receptor. 

[0260] In one embodiment, the GABA B R1/R2 receptor is 
a mammalian GABA B R1/R2 receptor. 

[0261] In one embodiment, the cell is a mammalian cell. 

[0262] In one embodiment, the mammalian cell is non- 
neuronal in origin. 

[0263] In one embodiment, the non-neuronal cell is a 
COS-7 cell, a 293 human embryonic kidney cell, a LM(tk-) 
cell, a CHO cell, a mouse Yl cell or an NIH-3'13 cell. 

[0264] This invention is directed to a process for deter- 
mining whether a chemical compound is a GABA B R1/R2 
receptor agonist which comprises contacting cells with the 
compound under conditions permitting the activation of the 
GABA B R1/R2 receptor, and detecting an increase in 
GABA B R1/R2 receptor activity, so as to thereby determine 
whether the compound is a GABA B R1/R2 receptor agonist. 

[0265] This invention is directed to a process for deter- 
mining whether a chemical compound is a GABA B R1/R2 
receptor antagonist which comprises contacting cells con- 
taining nucleic acid encoding and expressing on their cell 
surface the GABA B R1/R2 receptor, wherein such cells do 
not normally express the GABA B R1/R2 receptor, with the 
compound in the presence of a known GABA B R1/R2 recep- 
tor agonist, under conditions permitting the activation of the 
GABA B R1/R2 receptor, and detecting a decrease in 
GABA B R1/R2 receptor activity, so as to thereby determine 
whether the compound is a GABA B R1/R2 receptor antago- 
nist. 

[0266] Expression of genes in Xenopus oocytes is well 
known in the art (A. ColeVman, Transcription and Trans- 
lation: A Practical Approach (B. D. Hanes, S. J. Higgins, 
eds., pp 271-302, IRL Press, Oxford, 1984; Y. Masu el al., 
Nature 329:21583-21586, . 1994) and is performed using 
microinjection of native mRNA or in vitro synthesized 
mRNA into frog oocytes. The preparation of in vitro syn- 
thesized mRNA can be performed by various standard 
techniques (J. Sambrook et al., Molecular Cloning: A Labo- 
ratory Manual, Second Edition, Cold Spring Harbor Labo- 
ratory, Cold Spring Harbor, N.Y., 1989) including using T7 
polymerase with the raCAP RNA capping kit (Stratagene). 

[0267] In one -embodiment, the cells additionally express 
nucleic acid encoding GIRK1 and GIRK4. 

[0268] In another embodiment, the GABA B R2 receptor is 
a mammalian GABA B R2 receptor. 

[0269] This invention is directed to a pharmaceutical 
composition which comprises an amount of a GABA B R1/ 
R2 receptor agonist determined to be an agonist by an 
above-identified process effective to increase activity of a 
GABA B R1/R2 receptor and a pharmaceutical^ acceptable 
carrier. 

[0270] This invention is directed to a pharmaceutical, 
wherein the GABA B R1/R2 receptor agonist was not previ- 
ously known. 

[0271] This invention is directed to a pharmaceutical 
composition which comprises an amount of a GABA B R1/ 
R2 receptor antagonist determined to be an antagonist an 
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above- identified process effective to reduce activity of a 
GABA n Rl/R2 receptor and a pharmaceutically acceptable 
carrier. 

[0272] This invention is directed to a pharmaceutical 
composition, wherein the GABA B R1/R2 receptor antagonist 
was not previously known. 

[0273] This invention is directed to a process for deter- 
mining whether a chemical compound activates a 
GABA B R1/R2 receptor, which comprises contacting cells 
producing a second messenger response and expressing on 
their cell surface the GABA B R1/R2 receptor, wherein such 
cells do not normally express the GABA B R1/R2 receptor, 
with the chemical compound under conditions suitable for 
activation of the G ABA B R1/R2 receptor, and measuring the 
second messenger response in the presence and in the 
absence of the chemical compound, a change in the second 
messenger response in the presence of the chemical com- 
pound indicating that the compound activates the 
GABA B R1/R2 receptor. 

[0274] In one embodiment, the second messenger 
response comprises potassium channel activation and the 
change in second messenger is an increase in the level of 
potassium current. 

[0275] This invention is directed to a process for deter- 
mining whether a chemical compound inhibits activation of 
a GABA B R1/R2 receptor, which comprises separately con- 
tacting cells producing a second messenger response and 
expressing on their cell surface the GABA U R1/R2 receptor, 
wherein such cells do not normally express the GABA B R1/ 
R2 receptor, with both the chemical compound and a second 
chemical compound known to activate the GABA B R1/R2 
receptor, and with only the second chemical compound, 
under conditions suitable for activation of the GABA B R1/ 
R2 receptor, and measuring the second messenger response 
in the presence of only the second chemical compound and 
in the presence of both the second chemical compound and 
the chemical compound, a smaller change in the second 
messenger response in the presence of both the chemical 
compound and the second chemical compound than in the 
presence of only the second chemical compound indicating 
that the chemical compound inhibits activation of the 
GABA B R1/R2 receptor. 

[0276] In one embodiment, the second messenger 
response comprises potassium channel activation and the 
change in second messenger response is a smaller increase 
in the level of inward potassium current in the presence of 
both the chemical compound and the second chemical 
compound than in the presence of only the second chemical 
compound. 

[0277] This invention is directed to an above-identified 
process, wherein the GABA B R1/R2 receptor is a mamma- 
lian GABA B R1/R2 receptor. 

[0278] In one embodiment, the GABA n Rl/R2 receptor 
comprises a GABA B R2 polypeptide which has substantially 
the same amino acid sequence as that encoded by the 
plasmid BO-55 (ATCC Accession No. 209104). 

[0279] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that shown in FIGS. 
4A-4D (SEQ ID NO:4). 



[0280] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA n R2 polypeptide which has substan- 
tially the same amino acid sequence as that shown in FIGS. 
23A-23D (SEQ ID NO:47). 

[0281] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has the 
sequence, shown in FIGS. 23A-23D (SEQ ID NO:47). 

[0282] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that encoded by the 
plasmid pEXJT3T7-hGABAB2 (ATCC Accession No. 
203515). 

[0283] This invention is directed to an above- identified 
process, wherein the cell is an insect cell. 

[0284] This invention is directed to an above-identified 
process, wherein the cell is a mammalian cell. 

[0285] In one embodiment, the mammalian cell is non- 
neuronal in origin. 

[0286] In another embodiment, the nonneuronal cell is a 
COS-7 cell, CHO cell, 293 human embryonic kidney cell, 
NIH-3T3 cell or LM(tk-) cell. 

[0287] In another embodiment, the compound was not 
previously known to activate or inhibit a GABA B R1/R2 
receptor. 

[0288] This invention is directed to a compound deter- 
mined by an above -identified process. 

[0289] This invention is directed to a pharmaceutical 
composition which comprises an amount of a GABA B R1/ 
R2 receptor agonist determined by an above -id en lifted pro- 
cess effective to increase activity of a GABA B R1/R2 recep- 
tor and a pharmaceutically acceptable carrier. 

[0290] In one embodiment, the GABA B R1/R2 receptor 
agonist was not previously known. 

[0291] This invention is directed to a pharmaceutical 
composition which comprises an amount of a GABA B R1/ 
R2 receptor antagonist determined by an above-identified 
process effective to reduce activity of a GABA B R1/R2 
receptor and a pharmaceutically acceptable carrier. 

[0292] In one embodiment, the GABA B R1/R2 receptor 
antagonist was not previously known. 

[0293] This invention is directed to method of screening a 
plurality of chemical compounds not known to activate a 
GABA B R1/R2 receptor to identify a compound which acti- 
vates the GABA B R1/R2 receptor which comprises: 

[0294] (a) contacting cells containing nucleic acid 
encoding and expressing on their cell surface the 
GABA B R1/R2 receptor, wherein such cells do not 
normally express the GABA U R1/R2 receptor, with 
the plurality of compounds not known to activate the 
GABA B R1/R2 receptor, under conditions permitting 
activation of the GABA B R1/R2 receptor; 

[0295] (b) determining whether the activity of the 
GAJ3A B R1/R2 receptor is increased in the presence 
of the compounds, and if it is increased; 

[0296] (c) separately determining whether the acti- 
vation of the GABA B R1/R2 receptor is increased by 
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each compound included in the plurality of com- 
pounds, so as to thereby identify the compound or 
compounds present in such plurality of compounds 
which activates the GABA B R1/R2 receptor. 

[0297] In one embodiment, the cells express nucleic acid 
encoding G1RK1 and GIRK4. 

[0298] In another embodiment, the GABA B R1/R2 recep- 
tor is a mammalian GABA B R1/R2 receptor. 

[0299] This invention is directed to a method of screening 
a plurality of chemical compounds not known to inhibit the 
activation of a GABA n Rl/R2 receptor to identify a com- 
pound which inhibits the activation of the GABA B R1/R2 
receptor, which comprises: 

[0300] (a) contacting cells containing nucleic acid 
encoding and expressing on their cell surface the 
GABA B R1/R2 receptor, wherein such cells do not 
normally express the GABA B R1/R2 receptor, with 
the plurality of compounds in the presence of a 
known GABA B R1/R2 receptor agonist, under con- 
ditions permitting activation of the GABA B R1/R2 
receptor; 

[0301] (b) determining whether the activation of the 
GABA B R1/R2 receptor is reduced in the presence of 
the plurality of compounds, relative to the activation 
of the GABA B R1/R2 receptor in the absence of the 
plurality of compounds, and if it is reduced; 

[0302] (c) separately determining the inhibition of 
activation of the GABA B R1/R2 receptor for each 
compound included in the plurality of compounds, 
so as to thereby identify the compound or com- 
pounds present in such a plurality of compounds 
which inhibits the activation of the GABA B R1/R2 
receptor. 

[0303] In one embodiment, the cells express nucleic acid 
encoding GIRK1 and GIRK4. 

[0304] In one embodiment, the GABA B R1/R2 receptor is 
a mammalian GABA B R1/R2 receptor. 

[0305] In another embodiment, wherein the cell is a mam- 
malian cell. 

[0306] In another embodiment, the mammalian cell is 
non-neuronal in origin. 

[0307] In another embodiment, the non-neuronal cell is a 
COS-7 cell, a 293 human embryonic kidney cell, a LM(tk-) 
cell or an NIH-3T3 cell. 

[0308] This invention is directed to a pharmaceutical 
composition comprising a compound identified by an above- 
identified method, effective to increase GABA B R1/R2 
receptor activity and a pharmaccutically acceptable carrier. 

[0309] This invention is directed to a pharmaceutical 
composition comprising a compound identified by an above- 
identified method, effective to decrease GABA B R1/R2 
receptor activity and a pharmaccutically acceptable carrier. 

[0310] This invention is directed to a process for deter- 
mining whether a chemical compound is a GABA B R1/R2 
receptor agonist, which comprises preparing a membrane 
fraction from cells which comprise nucleic acid encoding 
and expressing on their cell surface the GABA B R1/R2 



receptor, wherein such cells do not normally express the 
GABA B R1/R2 receptor, separately contacting the mem- 
brane fraction with both the chemical compound and 
GTPYS, and with only GTPYS, under conditions permitting 
the activation of the GABA U R1/R2 receptor, and delecting 
GTPYS binding to the membrane fraction, an increase in 
GTPYS binding in the presence of the compound indicating 
that the chemical compound activates the GABA B R1/R2 
receptor. 

[0311] This invention is directed to a process for deter- 
mining whether a chemical compound is a GABA B R1/R2 
receptor antagonist, which comprises preparing a membrane 
fraction from cells which comprise nucleic acid encoding 
and expressing on their cell surface the GABA B R1/R2 
receptor, wherein such cells do not normally express the 
GABA n Rl/R2 receptor, separately contacting the mem- 
brane fraction with the chemical compound, GTPYS and a 
second chemical compound known to activate the 
GABA B R1/R2 receptor, with GTPYS and only the second 
compound, and with GTPYS alone, under conditions per- 
mitting the activation of the GABA B R1/R2 receptor, delect- 
ing GTPYS binding to each membrane fraction, and com- 
paring the increase in GTPYS binding in the presence of the 
compound and the second compound relative to the binding 
of GTPYS alone, to the increase in GTPYS binding in the 
presence of the second chemical compound known to acti- 
vate the GABA B R1/R2 receptor relative to the binding of 
GTPYS alone, a smaller increase in GTPYS binding in the 
presence of the compound and the second compound indi- 
cating that the compound is a GABA B R1/R2 receptor 
antagonist. 

[0312] In one embodiment, the GABA B R2 receptor is a 
mammalian GABA B R2 receptor. 

[0313] In another embodiment, the GABA U R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that encoded by the 
plasmid BO-55 (Al'CC Accession No. 209104). 

[0314] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA n R2 polypeptide which has substan- 
tially the same amino acid sequence as that shown in FIGS. 
4A-4D (SEQ ID NO:4). 

[0315] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has substan- 
tially the same amino acid sequence as that encoded by the 
plasmid pEXJT3T7-hGABAB2 (ATCC Accession No. 
203515). 

[0316] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA R R2 polypeptide which has substan- 
tially the same amino acid sequence as that shown in FIGS. 
23A-23D (SEQ ID NO:47). 

[0317] In another embodiment, the GABA B R1/R2 recep- 
tor comprises a GABA B R2 polypeptide which has the 
sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

[0318] In another embodiment, the cell is an insect cell. 

[0319] In another embodiment, the cell is a mammalian 
cell. 
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[0320] In another embodiment, the mammalian cell is 
nonneuronal in origin. 

[0321] In another embodiment, the nonneuronal cell is a 
COS-7 cell, CHO cell, 293 human embryonic kidney cell, 
N1H-3T3 cell or LM(tk-) cell. 

[0322] In another embodiment, the compound was not 
previously known to be an agonist or antagonist of a 
GADA B R1/R2 receptor. 



[0323] This invention is directed to a compound deter- 
mined to be an agonist or antagonist of a GABA B R1/R2 
receptor by an above- identified process. 

[0324] This invention is directed to a method of treating 
spasticity in a subject which comprises administering to the 
subject an amount of a compound which is an agonist of a 
GABA B R1/R2 receptor effective to treat spasticity in the 
subject. 

[0325] This invention is directed to a method of treating 
asthma in a subject which comprises administering to the 
subject an amount of a compound which is a GABA B R1/R2 
receptor agonist effective to treat asthma in the subject. 

[0326] This invention is directed to a method of treating 
incontinence in a subject which comprises administering to 
the subject an amount of a compound which is a GABA B R1/ 
R2 receptor agonist effective to treat incontinence in the 
subject. 

[0327] This invention is directed to method of decreasing 
nociception in a subject which comprises administering to 
the subject an amount of a compound which is a GABA B R1/ 
R2 receptor agonist effective to decrease nociception in the 
subject. 

[0328] This invention is directed to a use of a GABA B R2 
agonist as an antitussive agent which comprises administer- 
ing to the subject an amount of a compound which is a 
GABA B R1/R2 receptor agonist effective as an antitussive 
agent in the subject. 

[0329] This invention is directed to a method of treating 
drug addiction in a subject which comprises administering to 
the subject an amount of a compound which is a GABA B R1/ 
R2 receptor agonist effective to treat drug addiction in the 
subject. 



[0330] This invention directed to a method of treating 
Alzheimer's disease in a subject which comprises adminis- 
tering to the subject an amount of a compound which is a 
GABA B R1/R2 receptor antagonist effective to treat Alzhe- 
imer's disease in the subject. 

[0331] This invention is directed to a peptide selected 
from the group consisting of: 



and 



[0332] This invention is directed to a compound that 
prevents the formation of a GABA B R1/R2 receptor com- 
plex. 

[0333] Transmembrane peptides derived from GABA B R2 
sequences may modulate the functional activity of 
GABA R R1/R2 receptors. One mode of action involves the 
destruction of the GABA B R1/R2 receptor complex via com- 
petitive displacement of the GABA B R2 polypeptide subunit 
by the peptide upon binding to the GABA B R1 polypeptide 
subunit. The peptides may be synthesized using standard 
solid phase F-moc peptide synthesis protocol using an 
Advanced Chemtech 396 Automated Peptide Synthesizer. 

[0334] Additional GABA B subtypes in hypothalamus and 
caudate putamen are predicted due to the under-represenla- 
tion of GABA B R2 hybridization signals. These novel 
GABA B proteins and others may be identified by using 
GABA U R2 polypeptides in co-immunoprecipitation experi- 
ments. 

[0335] This invention provides a process for making a 
composition of matter which specifically binds to a 
GABA B R1/R2 receptor which comprises identifying a 
chemical compound using any of the processes described 
herein for identifying a compound which binds to and/or 
activates or inhibits activation of a GABA B R1/R2 receptor 
and then synthesizing the chemical compound or a novel 
structural and functional analog or homolog thereof. In one 
embodiment, the GABA B R1/R2 receptor is a human 
GABA B R1/R2 receptor. 

[0336] This invention further provides a process for pre- 
paring a pharmaceutical composition which comprises 
admixing a pharmaceutic ally acceptable carrier and a phar- 
maccutically acceptable amount of a chemical compound 
identified by any of the processes described herein for 
identifying a compound which binds to and/or activates or 
inhibits activation of a GABA B R1/R2 receptor or a novel 
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structural and functional analog or homolog thereof. In one 
embodiment, the GABA n Rl/R2 receptor is a human 
GABA B R1/R2 receptor. 

[0337] Thus, once the gene for a targeted receptor subtype 
is cloned, it is placed into a recipient cell which then 
expresses the targeted receptor subtype on its surface. This 
cell, which expresses a single population of the targeted 
human receptor subtype, is then propagated resulting in the 
establishment of a cell line. This cell line, which constitutes 
a drug discovery system, is used in two different types of 
assays: binding assays and functional assays. In binding 
assays, the affinity of a compound for both the receptor 
subtype that is the target of a particular drug discovery 
program and other receptor subtypes that could be associ- 
ated with side effects are measured. These measurements 
enable one to predict the potency of a compound, as well as 
the degree of selectivity that the compound has for the 
targeted receptor subtype over other receptor subtypes. The 
data obtained from binding assays also enable chemists to 
design compounds toward or away from one or more of the 
relevant subtypes, as appropriate, for optimal therapeutic 
efficacy. In functional assays, the nature of the response of 
the receptor subtype to the compound is determined. Data 
from the functional assays show whether the compound is 
acting to inhibit or enhance the activity of the receptor 
subtype, thus enabling pharmacologists to evaluate com- 
pounds rapidly at their ultimate human receptor subtypes 
targets permit ling chemists Lo rationally design drugs that 
will be more effective and have fewer or substantially less 
severe side effects than existing drugs. 

[0338] Approaches to designing and synthesizing receptor 
subtype-selective compounds are well known and include 
traditional medicinal chemistry and the newer technology of 
combinatorial chemistry, both of which are supported by 
computer-assisted molecular modeling. With such 
approaches, chemists and pharmacologists use their knowl- 
edge of the structures of the targeted receptor subtype and 
compounds determined to bind and/or activate or inhibit 
activation of the receptor subtype to design and synthesize 
structures that will have activity at these receptor subtypes. 

[0339] Combinatorial chemistry involves automated syn- 
thesis of a variety of novel compounds by assembling them 
using different combinations of chemical building blocks. 
The use of combinatorial chemistry greatly accelerates the 



analogs are prepared to facilitate an understanding of the 
relationship between chemical structure and biological or 
functional activity. These studies define structure activity 
relationships which are then used to design drugs with 
improved potency, selectivity and pharmacokinetic proper- 
lies. Combinatorial chemistry is also used to rapidly gener- 
ate a variety of structures for lead optimization. Traditional 
medicinal chemistry, which involves the synthesis of com- 
pounds one at a time, is also used for further refinement and 
to generate compounds not accessible by automctcd tech- 
niques. Once such drugs are defined the production is scaled 
up using standard chemical manufacturing mcthodiologies 
utilized throughout the pharmaceutical and chemistry indus- 
try. 

[0341] This invention will be better understood from the 
Experimental Details which follow. However, one skilled in 
the art will readily appreciate that the specific methods and 
results discussed are merely illustrative of the invention as 
described more fully in the claims which follow thereafter. 

Experimental Details 

Materials and Methods 

DNA Sequencing 

[0342] DNA sequences were determined using an ABI 
PRISM 377 DNA Sequencer (Perkin- Elmer, Foster City, 
Calif.) according to the manufacturer's instructions. 

Hybridization Methodology 

[0343] Probes were end-labeled with polynucleotide 
kinase according lo the manufacturer's instructions (Boe- 
hringer-Mannheim). Hybridization was performed on Zeta- 
Probe membrane (Bio-Rad, CA) at reduced stringency: 40° 
C. in a solution containing 25% formamide, 5xSSC 
(lxSSC=0.15 M NaCl, 0.015 M sodium citrate), IxDen- 
hardt's solution (0.02% polyvinylpyrrolidone, 0.02% 
Ficoll, 0.02% bovine scrum albumin) and 25 f.ig/fJL soni- 
cated salmon sperm DNA. Membrane strips were washed at 
40° C. in O.lxSSC containing 0.1% SDS and exposed at 
-70° C. to Kodak XAR film in the presence of an intensi- 
fying screen. 

[0344] The nucleotide sequences of the hybridization 
probes are shown below: 



T-8 9 1 : 5 ' -AGGGATGCTTTCCTATGCTTCCATATTTCTCTTTGGCCTTGATGG-3 * ( SEQ ID NO : 5 ) 
Nucleotides 1449—1493 of TL-267, forward strand. 

T-8 92 : 5 ' -CAATGTGCAGTTCTGCATCGTGGCTCTGGTCATCATCTTCTGCAG— 3 ' ( SEQ ID NO : 6 ) 
Nucleotides 2022—2066 of TL-267, forward strand. 



process of generating compounds. The resulting arrays of 
compounds are called libraries and are used to screen for 
compounds (lead compounds) that demonstrate a sufficient 
level of activity at receptors of interest. Using combinatorial 
chemistry it is possible to synthesize focused libraries of 
compounds anticipated to be highly biased toward the 
receptor target of interest. 

[0340] Once lead compounds are identified, whether 
through the use of combinatorial chemistry or traditional 
medicinal chemistry or otherwise, a variety of homologs and 



PCR Methodology 

[0345] PCR reactions were carried out using a PE 9600 
(Perkin-Elmer) PCR cycler in 20 /*L volumes using Expand 
Long Template Polymerase (Boeh ringer- Mannheim) and the 
manufacturer's buffer 1 for internal PCR primers or manu- 
facturer's buffer 2 for vector-anchored PCR. Reactions were 
run using a program consisting of 35 cycles of 94° C. for 30 
sec, 68° C. for 20 sec, and 72° C. for 1 min, with a 
pre-incubation at 95° C. for 5 min and post-incubation hold 
at 4° C. 
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[0346] Nucleotide sequences of the primer sets used in 
PCR reactions are shown below: 



T-94: 5 ' -CTTCTAGGCCTGTACGGAAGTGTT-3 ' (SEQ ID NO: 
vector, forward primer. 7); 

T-95: 5 ' -GTTGTGGTTTGTCCAAACTCATCAAT- 3 ' (SEQ ID NO: 
vector, reverse primer. 8); 

T-887: 5 * -GGGATGAGTGTCTACAACGTGGGG— 3 ' (SEQ ID NO: 
nucleotides 1948-1971 of TL-267, forward9); 
primer . 

T-888: 5 ' -TGCGTTGCTGCATCTGGGTTTGTTCT- 3 ' (SEQ ID NO: 
nucleotides 2138—2113 of TL-267, reverselO); 
primer. 

T-889: 5 ' -ATCTCCCTACCTCTCTACAGCATCCT- 3 ' (SEQ ID NO: 
nucleotides 1300-1325 of TL-267, forwardll); 
primer . 

T-890 : 5 ' -CAGGTCCTGACGGTGCAAAGTGTTTC- 3 ' (SEQ ID NO: 
nucleotides 1544-1519 of TL-267, revereel2); 
primer . 

T-921: 5 * -TGACGCAAGACGTTCAGAGGTTCTCT-3 ' (SEQ ID NO: 
nucleotides 47 3-4 98 of TL-26 7, forward 13); 
primer . 

T-922: 5 ' -TGTAGCCTTCCATGGCAGCAAGCAGA-3 ' (SEQ ID NO: 
nucleotides 814—789 of TL-267, reverse 14); 
primer . 

T-92 3: 5 ' -AGAGAACCTCTGAACGTCTTGCGTCA- 3 ' (SEQ ID NO: 
nucleotides 498—473 of TL-267, reverse 15); 
primer . 

T- 9 3 5 t 5 ' -GGCTCTGTTGTGTTCCACTGTAGCTG- 3 ' ( SEQ ID NO : 
nucleotides 2483-2458 of TL-267, reversel6); 
primer . 

T-9 38: 5 ' -TCATGC- 

CGCTCAC- 
CAAGGAGGTG- 
GCC-3' (SEQ 
ID NO: 

nucleotides 53 to 78 of TL-267, forward 17); 
primer. 

T- 9 3 9 : 5 ' -GGCCACCTCCTTGGTGAGCGGCATGA- 3 ' ( SEQ ID NO : 
nucleotides 78 to 53 of TL-267, reverse 18); 
primer. 

T-94 7: 5 * -TGAGTGAGCAGAGTCCAGAGCCGT- 3 ' (SEQ ID NO: 
nucleotides -68 to -4 5 of TL-2 67, for- 19); 
ward primer. 

T-94 8: 5 ' -ATGGATGGGAGGTAGGCGTGGTGGAG- 3 ' (SEQ ID NO: 
nucleotides 2591—2566 of TL-267, reverse20); 
primer - 

Preparation of Human Hippocampal CDNA Library 

[0347] Total RNA was prepared by a modification of the 
guanidinc thiocyanatc method, from 6 grams of human 
hippocampus. Poly A*RNA was purified with a FastTrack 
kit (Invitrogen Corp., San Diego, Calif.). Double stranded 
(ds) cDNA was synthesized from 4 ^g of poly A + RNA 
according to Gubler and Hoffman (1983), except that ligase 
was omitted in the second strand cDNA synthesis. The 
resulting DS cDNA was ligated to BstxI/EcoRI adaptors 
(Invitrogen Corp.), the excess of adaptors was removed by 
exclusion chromatography. High molecular weight fractions 
were ligated in pcEXV.BS (An Okayama and Berg expres- 
sion vector) cut by Bstxl as described by Aruffo and Seed 
(1987). The ligated DNA was electroporated in E. coli MC 
1061 (Gene Pulser, Biorad). A total of 2.2x10° independent 



clones with an insert mean size of approximately 3 kb was 
generated. The library was plated on Petri dishes (Ampicillin 
selection) in pools of 0.4 to 1.2xl0 4 independent clones. 
After 18 hours amplification, the bacteria from each pool 
were scraped, resuspe tided in 4 mLof LB media and 1.5 mL 
processed for pi as mid purification by the alkali method 
(Sambrook et al, 1989). 1 mL aliquots of each bacterial pool 
were stored at -85° C. in 20% glycerol. 

BLAST Search that Identified a Novel 7-17^1 
Protein Sequence 

[0348] Sequence analysis was performed with the Wis- 
consin Package Version 9.0, Genetics Computer Group 
(GCG), Madison, Wis. The rat GABA B Rla amino acid 
sequence (Kaupmann et al. (1997) Nature 386:239) was 
used as a query to search the EST division of GenBank with 
BLAST. Two entries, T07621 and Z43654, had probability 
scores that suggested significant amino acid homology to the 
GABA B Rla polypeptide. T07621 had sequence homology 
from the beginning of the first transmembrane domain to the 
beginning of third transmembrane domain of the 
GABA B Rla polypeptide. Z43654 had sequence homology 
from the sixth transmembrane domain to the seventh trans- 
membrane domain of the GABA B Rla polypeptide. The 
sequence documentation for T07621 and Z43654 was 
retrieved with Entrez (NCB1) and neither sequence was 
annotated as having homology to any 7-TM spanning pro- 
tein. 

T07621 and Z43654 are Part of the Same Sequence 

[0349] A series of PCR reactions were carried out on 
human hippocampus DNA with multiple primer sets: primer 
set T-887/T-888 designed to Z43G54 sequence; primer set 
T-889/T-890 designed to the T07621 sequence; and primer 
set T-889/T-888 designed to the forward strand of T07621 
and the reverse* stand of Z43654. The PCR products was 
loaded on duplicate lanes of an agarose gel and the DNA was 
southern blotted to a Zeta-Probe membrane (Bio-Rad, CA). 
The regions of the membrane corresponding to the indi- 
vidual lanes on the gel were cut to produce membrane strips 
that contained duplicate samples of the DNA. One set of 
membrane strips was hybridized with T-891 , a probe specific 
for the T07621 sequence. Another set of membranes was 
hybridized with T-892, a probe specific to the Z43654 
sequence. The membrane from primer set T-887/T-888 
hybridized with probe T-892 for the Z43654 sequence. The 
membrane from primer set T-889/T-890 hybridized with 
probe T-891 for the T07621 sequence. The membrane from 
primer set T889/T-888 hybridized with both the T-891 and 
T-892 probes. 

Isolating the Full-length Human cDNA by PCR Sib 
Selection 

[0350] PCR reactions were carried out on bacterial pools 
containing a human hippocampus cDNA library. Primer set 
T-888/T-889 was used to identify the bacterial pools that 
contained a portion of the novel receptor. Vector- anchored 
PCR was carried out on the positive pools to determine 
which pool contained the longest cDNA insert. Four primer 
sets were used for the vector- anchored PCR: T-94/T-888, 
T-94/T889, T-95/T888, and T-95yT889. Pool 365 was iden- 
tified having the longest cDNA inset and the plasmid was sib 
selected (MeCormick, 1987). The nucleotide sequence of 
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clone 365-9-7-4, designated TL-260, was translated into 
amino acids and compared to the amino acid sequence of the 
rat GABA B Rla polypeptide. Relative the rat GABA B R la 
amino acid sequence, TL-260 was truncated at the amino 
terminus, 

[0351] A set of PCR primers (T-921/T-922) was made to 
the 5' region of TL-260 and was used to re-screen the 
bacterial pools of the human hippocampus library for the 
missing segment of the novel clone. Vector- anchored PCR 
was carried out on the positive pools to determine which 
pool contained the longest cDNA insert. Four primer sets 
were used tor the vector-anchored PCR: T-94/T-921, T-94/ 
T922, T-95/T921, and T-95/T-922. Pool 299 contained the 
most 5' sequence. A PCR product derived from the primer 
set T-94/T-923 was isolated (T-261) and sequenced. The 
putative amino acids derived from TL-261 were compared 
to the rat GABA B R1 sequence. TL-261 contained an initia- 
tion codon but didn't contain a stop codon upstream of the 
initiation codon. 

[0352] A set of PCR primers (T-938/T-935) was made to 
the 5'region of TL-261 and was used to re-screen the 
bacterial pools of the human hippocampus library for addi- 
tional sequence. Vector- anchored PCR was carried out on 
the positive pools to determine which pool contained the 
longest cDNA insert. Four primer sets were used for the 
vector-anchored PCR: T-94AT-938, T-94;T939, T-95/T938, 
and T-95/T-939: A PCR product derived from primer set 
T95/T-939 was isolated (T-261 a) and sequenced. The puta- 
tive amino acids derived from T-261 a were compared to the 
rat GABA-1 amino acid sequence. 1-26 la contained an 
initiation codon and an in-frame upstream stop codon. 

[0353] From the vector-anchored PCR, pool 389 con- 
tained the longest cDNA insert. This pool was sib selected 
with the primer set T-947/T-935. ITie resulting plasmid, 
389-20-29-2, was designated TL-266 and was sequenced. 

Construction of GABA B R2 Polypeptide in 
Expression Vector 

[0354] A Cla-I-Xba-I fragment from TL-266 was sub- 
cloned into the expression vector pEXJ.HRT3T7 and des- 
ignated TL-267. This plasmid (TL-267) was deposited on 
Jun. 10, 1997, with the American Type Culture Collection 
(ATCC), 12301 Parklawn Drive, Rockville, Md. 20852, 
U.S.A. under the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of Microorganisms 
for the Purposes of Patent Procedure and was accorded 
ATCC Accession No. 209103. 

Generation of Rat GABA B R2 PCR Product 

4 [0355] cDNA from rat hippocampus and rat cerebellum 
were amplified in 50 PCR reaction mixtures using the 
Expand Long Template PCR System (as supplied and 
described by the manufacturer, Boehringer Mannheim) 
using a program consisting of 40 cycles of 94° C. for 1 min, 
50° C. for 2 min, and 68° C. for 2 min, with a pre- and 
post-incubation of 95° C. for 5 min and 68° C. for 7 min, 
respectively. PCR primers for rat GABA B R2 were designed 
against the human GABA B R2 sequence: BB 257, forward 
primer in the first transmembrane domain, and BB 258, 
reverse primer in the seventh transmembrane domain. The 
single 780 bp fragment from both rat hippocampus and rat 
cerebellum were isolated from a 1% agarose gel, purified 



using a GENECLEAN III kit (BIO 101, Vista, Calif.) and 
sequenced using AmpliTaq DNA Polymerase, FS (Perkin 
Elmer). The sequence was run on an ABI PRISM 377 DNA 
Sequencer and analyzed using the Wisconsin Package 
(GCG, Genetics Computer Group, Madison, Wis.). This 
sequence was used to design PCR primers for the rat 
GABA B R2 genc. 

Construction and Screening of a Rat Hypothalamic 
cDNA Library 

[0356] Poly A + RNA was purified from rat hypothalamic 
RNA (Clontech) using a FastTrack kit (Invitrogen, Corp.). 
DS-cDNA was synthesized from 5 yUg of poly A+ RNA 
according to Gubler and Hoffman (1983) with minor modi- 
fications. The resulting cDNA was ligated to BstXI adaptors 
(Invitrogen, Corp.) And the excess adapters removed by 
exclusion column chromatography. High molecular weight 
fractions of size-selected ds-cDNAwere ligated in pEXJ.T7, 
an Okayama and Berg expression vector modified from 
pcEXV (Miller and Germain, 1986) to contain BstXI, other 
additional restriction sites, and a T7 promoter. A total of 
100,000 independent clones with a mean insert size of 3.7 kb 
were generated. The library was amplified on agar plates 
(Ampicillin selection) in 48 primary pools. Glycerol stocks 
of the primary pools screened for a rat GABA B R2 gene by 
PCR using BB265, a forward primer from the loop between 
transmembrane domains 3 and 4 from the sequence deter- 
mined above and BB266, a reverse primer from the sixth 
transmembrane domain from the sequence determined 
above. The conditions for PCR were 1 min at 94° C„ 4 min 
at 68° C. for 40 cycles, with a pre- and post-incubation of 5 
min at 95° C. and 7 min at 68° C, respectively. To determine 
which pools had the largest inserts, positive pools were 
screened by PCR using the vector primers BB172 or BB173, 
and a gene-specific primer BB265 or BB266. One positive 
primary pool, 1-47, was subdivided into 24 pools of 1000 
clones, and grown in LB medium overnight. Two ,«L of 
cultures were screened by PCR using primers BB172 and 
BB266. One positive subpool, 1-47-4 was subdivided into 10 
pools of 200 clones and plated on agar plates (ampicillin 
selection). Colonies were transferred to nitrocellulose mem- 
branes (Schleicher and Schuell, Keene, N.H.), denatured in 
0.4 N NaOH, 1.5 M NaCl, renatured in 1M Tris, 1.5 M NaCl, 
and UV cross-linked. Filters were hybridized overnight at 
40° C. in a buffer containing 50 % formamide, 0.12 M 
Na HP0 4 (pH7.2), 0.25M NaCl, 7%SDS, 25 mg/L ssDNA 
and 10 6 cpm/mL of a cDNA probe corresponding to trans- 
membrane domains 1 to 7 of rat GABA B R2, labeled with 
[ 32 P]dCTP (3000 Ci/mmol, NEN) using a random prime 
labeling kit (Boehringer Mannheim). Filters were washed 
1x5 min then 2x20 min at room temperature in 2xSSC, 0.1% 
SDS then 3x20 min at 500 in O.lxSSC, 0.1% SDS and 
exposed to Biomax MS film (Kodak) for 3 hours. Four 
closely clustering colonies which appeared to hybridize 
were re -screened individually by PCR using primers BB265 
and BB266, primers BB265 and BB55, primers BB265 and 
BB56, and primers BB266 and BB55. The conditions for 
PCR were 30 sec at 94° C, 2.5 min at 68° C. for 32 cycles, 
with a pre- and post-incubation of 5 min at 95° C. and 5 min 
at 68° C. respectively. One positive colony, 1-47-4-2, was 
amplified overnight in 10 mL TB media and processed for 
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plasmid purification using a standard alkaline lysis miniprep 
procedure followed by a PEG precipitation. This plasmid 
was designated BOS4 and partially sequenced using Ampli- 
Taq DN A Polymerase, FS (Perkin Elmer). The sequence was 
run on an ABI PRISM 377 DNA Sequencer and analyzed 
using the Wisconsin Package (GCG, Genetics Computer 
Group, Madison, Wis.). BOS4 was in the wrong orientation 
for expression in mammalian cells. To obtain a clone in the 
correct orientation, an EcoRI restriction fragment from 
BOS4 was subcloncd into the vector pEXJ. Transformants 
were screened by PCR using the primers BBS 6 and BB268 
under the following conditions: 30 sec at 94° C, 2.5 min at 
68° C. for 32 cycles, with a pre- and post-incubation of 5 
min at 95° C. and 3 min at 68° C. respectively. One 
transform ant in the correct orientation was amplified over- 
night in 100 ml 

[0357] TB media and processed for plasmid purification 
using a standard alkaline lysis miniprep procedure followed 
by a PEG precipitation. This plasmid was designated B055 
and sequenced using AmpliTaq DNA Polymerase, FS (Per- 
kin Elmer). Plasmid BO-55 was deposited with the ATCC on 
Jun. 10, 1997, and was accorded ATCC Accession No. 
209104. The sequence of BO-55 was determined using an 
ABI PRISM 377 DNA Sequencer and analyzed using the 
Wisconsin Package (GCG, Genetics Computer Group, 
Madison, Wis.). 

Primers Used 

[0358] 



obtained by ligating a restriction fragment of the GABA B lb 
clone, which contained the common region of the GABA B 1 
gene, to a PCR product containing the GABA B la -specific 5* 
end. 

In Situ Hybridization Experiments for GABA B R2 
mRNA Animals 

[0360] Male Sprague-Dawley rats (Charles Rivers, Roch- 
ester, N.Y.) were euthanized using C0 2 , decapitated, and 
their brains immediately removed and rapidly frozen on 
crushed dry ice. Coronal sections of brain tissue were cut at 
11 /4m using a cryostat and thaw-mounted onto poly-L- 
lysine-coated slides and stored at -20° C. until use. 

Tissue Preparation 

[0361] Prior to hybridization, the tissues were fixed in 4% 
paraformaldehyde/PBS pH 7.4 followed by two washes in 
PBS (Specialty Media, Lavallette, N.J.)- Tissues were then 
treated in 5 mM dilhiolhreitol, rinsed in DEPC-treated PBS, 
acetylated in 0.1 M triethanolamine containing 0.25% acetic 
anhydride, rinsed twice in 2xSSC, delipidated with chloro- 
form then dehydrated through a series of graded alcohols. 
All reagents were purchased from Sigma (St. Louis, Mo.). 

Radioactive In Silu Hybridization Histochemistry 

[0362] Oligonucleotide probes, MJ79/80, corresponding 
to nucleotides 354-398 and MJ 109/1 10, corresponding to 



BB25 7 : 5 ' -CTCTCTGCCCTCACCATCCTCGGGAT- 3 ' ( SEQ ID NO : 2 1 ) 

BB258: 5 ' -GACTCCGGCTCGAATACCAGGCAGAG-3 * (SEQ ID NO; 22) 

BB265 : 5 ' -CCATGTTTGCAAAGACCTGGAGGGTCC- 3 ' (SEQ ID NO: 2 3) 

BB26 6 : 5 ' -GGTCACGCGTCAGGAAAGAGACAGCAG- 3 ' (SEQ ID NO: 24 ) 

BB172: 5 * — AAGCTTCTAGAGATCCCTCGACCTC-3 ' (SEQ ID NO:25) 

BB17 3 : 5 ' -AGGCGCAGAACTGGTAGGTATGGAA- 3 ' (SEQ ID NO: 26 ) 

BBS 5 : 5 ' -CTTCTAGGCCTGTACGGAAGTGTTA- 3 ' (SEQ ID NO: 27 ) 

BBS 6 : 5 ' -GTTGTGGTTTGTCCAAACTCATCAATG- 3 ' ( SEQ ID NO: 28 ) 

BB26 8 : 5 * -CTGCTGTCTC TTTC CTGACGCGTGACC - 3 ' (SEQ ID NO: 29 ) . 



Generation of DNA Coding for Rat GABA B lb and 
GABA B la Polypeptides 

[0359] The gene encoding the rat G AB A B R lb polypeptide 
was obtained by screening the same rat hypothalamic library 
used for GABA B R2 with primers based on the original 
publication of the clone by Kaupmann, et al., 1997. A partial 
clone lacking the first 55 nucleotides was identified and 
ligated to a PCR fragment containing the missing base pairs 
to obtain the full length clone. A restriction fragment con- 
taining the entire coding region of GABA B Rlb was sub- 
cloned into the mammalian expression vector pEXJ.T7 and 
designated "BOS8". Aral GABA B la polypeptide clone was 



nucleotides 952-991 of the rat GABA B R2 cDNA, MJ94/95, 
corresponding to nucleotides 151-193 of the human 
GABA B Rla cDNA, and MJ83/84, corresponding to nucle- 
otides 34-71 of- the rat GABA B Rlb cDNA were used to 
characterize the distribution of each polypept ides' s respec- 
tive mRNA. The oligonucleotides were synthesized using an 
Expedite Nucleic Acid Synthesis System (PcrSeptivc Bio- 
systems, Framingham, Mass.) and purified using 12% poly- 
acryl amide gel electrophoresis. Additionally, sense and anti- 
sense oligonucleotides corresponding to positions 1076- 
1 1 20 of GABA B Rlb (1424-1468 of GABA B R1 a) were used 
(BB403 and BB404). 
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[0363] The sequences of the oligonucleotides are: 
[0364] For rat GABA B R2: 



Sense probe, MJ79: 

5' - GCA ATA AAG TAT GGG CTG AAC CAT TTG (SEQ ID NO: 36) 
ATG GTG TTT GGA GGC GT - 3 ' 

An ti sense probe, MJ80: 

5' - ACG CCT CCA AAC ACC ATC AAA TGG TTC (SEQ ID NO: 37) 
AGC CCA TAC TTT ATT GC - 3 1 

Sense probe, MJ109: 

5' - TTT GAG CCC CTG AGC TCC AAA CAA ATC (SEQ ID NO: 38) 
AAG ACC ATC TCA G - 3 ' 

Antisense probe, MJ110: 

5' - CTG AGA TGG TCT TGA TTT GTT TGG AGC < SEQ ID NO: 39) 
TCA GGG GCT CAA A - 3 ' 

For human GABA8 R 1 a : 
Sense probe, MJ94: 

5' - AAG GCC ATC AAC TTC CTG CCT GTG GAC (SEQ ID NO: 40) 

TAT GAG ATC GAA TAT G - 3* 

Antisense probe, MJ95: 

i\\ 5' - CAT ATT CGA TCT CAT AGT CCA CAG GCA (SEQ ID NO: 41) 

> ' ' GGA AGT TGA TGG CCT T - 3 ' 

For rat GABA8Rlb: 

Sen^e probe, MJ83: 

5' - TGG CCG CTG CCT CTT CTG CTG GTG ATG (SEQ ID NO: 42) 

GCG GCT GGG GT - 3 ' 
Antisense probe, MJ84: 

5' - ACC CCA GCC GCC ATC ACC AGC AGA AGA (SEQ ID NO: 43) 

GGC AGC GGC CA - 3 ' 
Sense probe, BB4 03: 

5' - CCT TGG CTT TGG CCT TGA ACA AGA CGT (SEQ ID NO: 44) 

CTG GAG GAG GTG GTC GTT - 3 ' 



Antisense probe, BB4 04: 

5' - AAC GAC CAC CTC CTC CAG ACG TCT TGT (SEQ ID NO: 45) 
TCA AGG CCA AAG CCA AGG - 3 ' 



[0365] Probes were 3'-end labeled with [ 35 S]dATP 
(1200Ci/mmol, NEN, Boston, Mass.) to a specific activity of 
109 dpm/pg using terminal deoxy nucleotidyl transferase 
(Pharmacia, Piscataway, NJ.)- In situ hybridization was 
done with modification of the method described by Durkin, 
M, et al, 1995. 

Nonradioactive In Situ Hybridization 
Histochemistry 
[0366] Antisense/sense probes corresponding to nucle- 
otides 354-398 of the rat GABA B K2 cDNA, were 3'-end 
labeled with digoxigenin using TdT. The labeling reaction 
was carried out as outlined in the DIG/Genius System, 
(Boehringer Mannheim, Indianapolis, Ind.)- Conditions used 
in ISHH with digoxigenin-labeled probes are the same as 
described above. The sections were rinsed in buffer 1, 
washing buffer (0.1 M Tris-HCl pH 7.5/0.15 M NaCl), 
pre-incubated in Blocking Solution (Buffer 1, 0.1% Triton-X 
and 2% normal sheep scrum) for 30 minutes and then 
incubated for 2 hours in Blocking Solution containing 
anli-digoxigenin-AP Fab fragment (Boehringer Mannheim) 
at 1:500 dilution followed by two 10 minute washes in 
Buffer 1, To develop color, sections were rinsed in Detection 
Buffer (0.1 M Tris-HCl pH 9.5/0.1 5M NaCl/0.05 M MgCl 2 ) 
for 10 minutes and then incubated overnight in Detection 
Buffer containing 0.5 mM NBT, 0.1 mM BCIP, and 1 mM 
levamisole. After color development, slides were dipped in 
dH20 and coverslipped using aqua mount. 



[0367] Probe specificity was established by performing in 
situ hybridization on HEK293 cells transiently transfected 
with eukaryotic expression vectors containing the rat 
GABA B Rlb and human GABA B Rla DNAor no insert for 
transfection. Furthermore, two pairs of hybridization probes, 
sense and antisense, that were targeted to different segments 
of the G ABA B R2 mRNA were used for cells and rat tissues. 

Quantification 

[0368] The strength of the hybridization signal obtained in 
various region of the rat brain was graded as weak (+), 
moderate (++), heavy (+++) or intense (++++). These were 
qualitative evaluations for each of the polypeptide mRNA 
distributions based on the relative optical density on the 
autoradiographic film and on the relative number of silver 
grains observed over individual cells al the microscopic 
level. 

Cell Culture 

[0369] COS-7 cells are grown on 150 mm plates in 
DMEM with supplements (Dulbecco's Modified Eagle 
Medium with 10% bovine calf serum, 4 mM glutamine, 100 
units/mL penicillin/100 Ag/mL streptomycin) at 37° C, 5% 
C0 2 . Stock plates of COS-7 cells arc trypsinized and split 
1:6 every 3-4 days. 

[0370] Human embryonic kidney 293 cells are grown on 
150 mm plates in DMEM with supplements (10% bovine 
calf serum, 4 mM glulamine, 100 units/mL penicillin/100 
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t i<g/mL streptomycin) at 37° C, 5% C0 2 . Stock plates of 293 
cells are trypsinized and split 1:6 every 3-4 days. 

[0371] Mouse fibroblast LM(tk-) cells are grown on 150 
mm plates in D-MEM with supplements (Dulbecco's Modi- 
fied Eagle Medium with 10% bovine calf serum, 4 mM 
glutamine, 100 units/mL penicillin/ 100 /(g/mL streptomy- 
cin) at 37° C, 5% C0 2 . Stock plates of LM(tk-) cells are 
trypsinized and split 1:10 every 3-4 days. 

[0372] Chinese hamster ovary (CHO) cells are grown on 
150 mm plates in IIAM's F-12 medium with supplements 
(10% bovine calf serum, 4 mM L-glulamine and 100 units/ 
mL penicillin/100 ug/mL streptomycin) at 37° C., 5% C02. 
Stock plates of CHO cells are trypsinized and split 1:8 every 
3-4 days. 

[0373] Mouse embryonic fibroblast NIH-3T3 cells are 
grown on 150 mm plates in Dulbecco's Modified Eagle 
Medium (DMEM) with supplements (10% bovine calf 
serum, 4 mM glutamine, 100 unils/mLpenicillin/lOOjUg/mL 
streptomycin) at 37° C, 5% C02. Slock plates of NIII-3T3 
cells are trypsinized and split 1:15 every 3-4 days. 

[0374] Sf9 and Sf21 cells are grown in monolayers on 150 
mm tissue culture dishes in TMN-FH media supplemented 
with 10% fetal calf serum, at 27° C, no C0 2 . High Five 
insect cells are grown on 150 mm tissue culture dishes in 
Ex-Cell 400™ medium supplemented with L-Glutamine, 
also at 27° C, no C0 2 . 

[0375] LM(tk-) cells stably transfected with the DNA 
encoding the polypeptides disclosed herein may be routinely 
converted from an adherent monolayer to a viable suspen- 
sion. Adherent cells are harvested with trypsin at the point 
of confluence, resuspended in a minimal volume of com- 
plete DMEM for a cell count, and further diluted to a 
concentration of 10° cells/mL in suspension media (10% 
bovine calf serum, 10% lOx Medium 199 (Gibco), 9 mM 
NaHC0 3 , 25 mM glucose, 2 mM L-glutamine, 100 units/mL 
penicillin/100 jWg/mL streptomycin, and 0.05% methyl cel- 
lulose). Cell suspensions are maintained in a shaking incu- 
bator at 37° C, 5% C0 2 for 24 hours. Membranes harvested 
from cells grown in this manner may be stored as large, 
uniform batches in liquid nitrogen. 

[0376] Alternatively, cells may be returned to adherent 
cell culture in complete DMEM by distribution into 96-well 
microliter plates coated with poly-D-lysine (0.01 mg/mL) 
followed by incubation at 37° C, 5% C0 2 for 24 hours. 

Generation of Baculovirus 

[0377] The coding region of DNA encoding the polypep- 
tides disclosed herein may be subcloned into pBlueBacIII 
into existing restriction sites, or sites engineered into 
sequences 5' and 3* lo the coding region of the polypeptides. 
To generate baculovirus, 0.5 /*g of viral DNA (BaculoGold) 
and 3 jug of DNA construct encoding a polypeptide may be 
co-transfected into 2xl0 6 Spodoptera frugiperda insect Sf9 
cells by the calcium phosphate co-prccipitation method, as 
outlined in by Pharmingen (in "Baculovirus Expression 
Vector System: Procedures and Methods Manual") The cells 
then are incubated for 5 days at 27° C. 

[0378] The supernatant of the co-transfection plate may be 
collected by cenlrifugation and the recombinant virus plaque 



purified. The procedure to infect cells with virus, to prepare 
slocks of virus and to liter the vims stocks are as described 
in Pharmingen's manual. 

Transfection 

[0379] All subtypes studied may be transiently transfected 
into COS-7 cells by the DEAE-dextran method, using 1 pi% 
of DNA/10 6 cells (Cullen, 1987). In addition, Schneider 2 
Drosophila cells may be cotransfcctcd with vectors contain- 
ing the gene, under control of a promoter which is active in 
insect cells, and a selectable resistance gene, eg., the G418 
resistant neomycin gene, for expression of the polypeptides 
disclosed herein. 

Stable Transfection 

[0380] DNA encoding the polypeptides disclosed herein 
may be co-transfected with a G-418 resistant gene into the 
human embryonic kidney 293 cell line by a calcium phos- 
phate transfection method (Cullen, 1987). Stably transfected 
cells are selected with G-418. 

Radioligand Binding Assays 

[0381] Transfected cells from culture flasks were scraped 
into 5 mL of Tris-HCl, 5 mM EDTA, pH 7.5, and lysed by 
sonication. The cell lysates were centrifuged at 1000 rpm for 
5 min. at 4° C, and the supernatant was centrifuged at 
30,000xg for 20 min. at 4° C. The pellet was suspended in 
binding buffer (50 mM Tris-HCl, 2.5 mM CaCl 2 at pH 7.5 
supplemented with 0.1% BSA, 2 /tg/mL aprotinin, 0.5 
mg/mL leupeptin, and 10 ug/mLphosphoramidon). Optimal 
membrane suspension dilutions, defined as the protein con- 
centration required to bind less than 10% of the added 
labeled compound (typically a radiolabeled compound), 
were added to 96-wcll polypropylene microliter plates con- 
taining labeled compound, unlabeled compounds (i.e., dis- 
placing ligand in an equilibrium competition binding assay) 
and binding buffer to a final volume of 250 juL. In equilib- 
rium saturation binding assays membrane preparations were 
incubated in the presence of increasing concentrations of 
labeled compound. The binding affinities of the different 
compounds were determined in equilibrium competition 
binding assays, using labeled compound, such as 1 oM 
[ 3 H]-CGP54626, in the presence of ten to twelve different 
concentrations of the displacing ligand(s). Some examples 
of displacing ligands included GABA, baclofen, 3APMPA, 
phaclofen, CGP54626, and CGP55845. Mixtures of several 
unlabeled test compounds (up to about 10 compounds) may 
also be used in competition binding assays, to determine 
whether one of the mixture component compounds binds to 
the polypeptide or receptor. Binding reaction mixtures were 
incubated for 1 hr at 30° C, and the reaction was stopped by 
filtration through GF/B filters treated with 0.5% polycthyl- 
eneimine, using a cell harvester. Where the labeled com- 
pound was a radiolabeled compound, the amount of bound 
compound was evaluated by gamma counting (for 125 1) or 
scintillation counting (for 3 H). Data were analyzed by a 
computerized non-linear regression program. Non-specific 
binding was defined as the amount of radioactivity remain- 
ing after incubation of membrane protein in the presence of 
excess unlabeled compound. Protein concentration may be 
measured by the Bradford method using Bio-Rad Reagent, 
wilh bovine serum albumin as a standard. 
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Cyclic AMP (cAMP) Formation Assay 

[0382] The receptor-mediated inhibition of cyclic AMP 
(cAMP) formation may be assayed in transfected cells 
expressing the mammalian receptors described herein. Celts 
are plated in 96-well plates and incubated in Dulbecco's 
phosphate buffered saline (PBS) supplemented with 10 mM 
HEPES, 5 mM theophylline, 2 /*g/ml aprotinin, 0.5 mg/ml 
leupeptin, and 10 /<g/ml phosphoramidon for 20 min at 37° 
C, in 5% C0 2 . Test compounds are added and incubated for 
an additional 10 min at 37° C. The medium is then aspirated 
and the reaction stopped by the addition of 100 mM HC1. 
The plates are stored at 4° C. for 15 min, and the cAMP 
content in the slopping solution measured by radioimmu- 
noassay. Radioactivity may be quantified using a gamma 
counter equipped with data reduction software. 

Generation of Chimeric G -proteins 

[0383] Chimeric G-proteins were constructed using stan- 
dard mutagenesis methods (Conklin et al., 1993). Two 
chimeras were constructed. The first comprises the entire 
coding region of human Ga q with the exception of the final 
y 15 nucleotides which encode the C-terminal 5 amino acids 
of Gd !3 . The second also comprises the entire coding region 
of human Ga q with the exception of the final 3' 15 nucle- 
otides, which encode the C-terminal 5 amino acids of Ga 2 . 
Sequences of both chimeric G -protein genes were verified 
by nucleotide sequencing. For the purposes of expression in 
oocytes, synthetic mRNA transcripts of each gene were 
synthesized using the T7 polymerase. 

Phosphoinositide Assay 

[0384] The agonist activities of GABA-B agonists were 
assayed by measuring their ability to generate phosphoi- 
nositide production in COS-7 cells transfected transiently 
with GABA B R1, GABA B R2, and chimeric Ga q/Z . Alterna- 
tively, COS-7 cells are transfected transiently with 
GABA B R 1, GABA B R2, and other chimeric G-protcin alpha 
subunits such as Gci q/i2 , Ga q/i3 , or Ga q/o . Cells were plated 
in 96-well plates and grown to confluence. The day before 
the assay the growth medium was changed to 100 id of 
medium containing 1% serum and 0.5 jLiCi [ 3 H]myo-inositol, 
and the plates were incubated overnight in a C0 2 incubator 
(5% C0 2 at 37° C). 

[0385] immediately before the assay, the medium was 
removed and replaced by 200 fi\ of PBS containing 10 mM 



plate row. All assays were performed in duplicate by repeat- 
ing the same additions in two consecutive rows. The plates 
were incubated in a C0 2 incubator for 30 min. The reaction 
was terminated by removal of the buffer solution by blotting, 
followed by the addition of 100 id of 50% (v/v) trichloro- 
acetic acid (TCA), and 10 min incubation at 4° C. 

[0386] The contents of the wells were then transferred to 
a Multiscreen HV filter plate (Millipore) containing Dowex 
AG1-X8 (200-400 mesh, formate form). The filter plates 
were prepared adding 100 //l of Dowex AG1-X8 suspension 
(50% v/v, waterresin) to each well. The filter plates were 
placed on a vacuum manifold to wash or elute the resin bed. 
Each well was washed 3 times with 200 /*1 of 5 mM 
myo-inositol. The [ 3 H]-IPs were clutcd into empty 96-wcll 
plates with 75 ^1 of 1 .2 M ammonium formate/0.1 M formic 
acid. After the addition of 200 id of scintillation cocktail 
(Opliphase Supermix; Wallac) to each well, [ 3 H]-Ips were 
quantified by counting on a Trilux 1450 Microbeta scintil- 
lation counter. 

Oocyte Expression 

[0387] Female Xenopus laevis (Xenopus-1, Ann Arbor, 
Mich.) are anesthetized in 0.2% tricain (3-aminohenzoic 
acid ethyl ester, Sigma Chemical Corp.) and a portion of 
ovary is removed using aseptic technique (Quick and Lester, 
1994). Oocytes are defolliculated using 3 mg/ml collagenase 
(Worthington Biochemical Corp., Freehold, N.J.) in a solu- 
tion containing 87.5 mM NaCl, 2 mM KC1, 2 mM MgCl 2 
and 5 mM HEPES, pH 7.5. Oocytes arc injected (Nanoject, 
Drum mo nd Scientific, Broom all, Pa.) with 50-70 nl mRNA 
prepared as described below. After injection of mRNA, 
oocytes are incubated at 17 degrees for 3-8 days. 

[0388] RNAs arc prepared by transcription from: (1), 
linearized DNA plasmids containing the complete coding 
region of the gene, or (2), templates generated by PCR 
incorporating a T7 promoter and a poly A + tail. From either 
source, DNA is transcribed into mRNA using the T7 poly- 
merase ("Message Machine", Ambion). 

[0389] The transcription template for the rat GABA B Rlb 
gene was prepared by PCR amplification of the plasmid 
B058 using the primers MJ23 and MJ47 (see below). The 
template for the rat GABA B R2 gene was made by linear- 
ization of the plasmid B056, rat GABA R R2 insert from 
B055 in the expression vector pEXJ.T7, with Notl. 

[0390] Primers: 



MJ23 5' CC AAGCTTCT AATACGACTCACT AT AGGGG AG ACC ATGGGC CC GGGGGG (SEQ ID NO: 30); 
ACCCTGTACC 3* 

MJ4 7 5' T 43M CACTTGTAAAGCAAATGTACTCGACTCC 3' (SEQ ID NO:31>. 



LiCl, and the cells were equilibrated with the new medium 
for 20 min. The [ 3 H]inositol -phosphate (IP) accumulation 
was started by adding 22 /*1 of a solution containing the 
agonist. To the first two wells 22 jul of PBS were added to 
measure basal accumulation, and 10 different concentrations 
of agonist were assayed in the following 10 wells of each 



[0391] Genes encoding G-protcin inwardly rectifying 
channels 1 and 4 (GIRK1 and GIRK4; "GIRKs") were 
obtained by PCR using the published sequences (Kubo et al., 
1993; Dascal et al., 1993; Krapivinsky et al., 1995b) to 
derive appropriate 5' arid 3' primers. Human heart cDNA 
was used as template together with the primers 
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5' -CGCGGATCCATTATGTCTGCACTCCGAAGGAAATTTG-3 ' ( SEQ 

5 * - CGCG AATTCTTATGTGAAGCG ATCAG AGTTCATTTTTC - 3 ' ( SEQ 

and 

5' -GCGGGATCCGCTATGGCTGGTGATTCTAGGAATG- 3 ' (SEQ 
5 1 -CCGGAATTCCCCTCACACCGAGCCCCTGG- 3 ' ( SEQ 

[0392] The BamHl and EcoRl restriction sites in each 
primer pair were used to clone the PCR product into the 
expression vector pcDNA-Arap (Invitrogen). Plasmid vec- 
tors containing GIRKl and GIRK4 arc referred to as 
"JS1800" and "JS1741", respectively. The coding regions of 
both genes were sequenced and verified. 

Oocyte Eleclrophysiology 

[0393] Dual electrode voltage clamp O'GcncClamp", 
Axon Instruments Inc., Foster City, Calif.) is performed 
using 3 M KCl-fiUcd glass microclcctrodcs having resis- 
tances of 1-3 Mohms. Unless otherwise specified, oocytes 
are voltage clamped at a holding potential of -80 mV 
During recordings, oocytes are bathed in continuously flow- 
ing (1-3 ml/min) medium containing 96 mM NaCl, 2 mM 
KC1, 1.8 mM CaCl 2 , 1 mM MgCU, and 5 mM HEPES, pH 
7.5 (ND96), or elevated K + containing 49 mM KC1, 49 mM 
NaCl, 1.8 mM CaCl 2 , 2 mM MgCl 2 , and 5 mM HEPES, pH 
7.5 (hK). Drugs are applied either by local perfusion from a 
10 /d glass capillary tube fixed at a distance of 0.5 mm from 
the oocyte, or for calculation of steady-state EC 5D s, by 
switching from a series of gravity fed perfusion lines. 
Experiments are carried out at room temperature. All values 
are expressed as mean +/- standard error of the mean. 

[0394] Concentration-response curves for agonists and 
antagonists were fitted with logistic equations of the form 
I=l/(l+(EC so /[Agonist]) n ) for agonists and I=l/(l+([An- 
tagonist]/IC so ) n ) for antagonists, where I is current, where 
EC^ is the concentration of agonist that produced half- 
maximal activation, IC 50 is the concentration of antagonist 
that produced half-maximal inhibition, and n the Hill coef- 
ficient. Fits were made with a Marquardl-Levenberg non- 
linear least-squares curve fitting algorithm. 

Recording Ion Currents in Mammalian Cells 

[0395] The ability of the rat GABA B R1 and GABA B R2 
genes to activate GIRK currents in mammalian cells was 
investigated by transient transfection of HEK-293 cells 
followed by voltage clamp analysis of currents. HEK-293 
cells were maintained in DulbeccoV modified Eagle 
medium (DMEM) plus 10% (v/v) bovine calf scrum, 2% 
L-glutamine, 50 U/ml penicillin, and 50^/g/ml streptomycin 
and were incubated at 37° C. in a humidified 5% C0 2 
atmosphere. Cells were harvested twice each week by treat- 
ment with 0.25% trypsin/1 mM EDTA in Hank's Salts and 
re-seeded at -20% of their original density either into 75 cm 2 
flasks (for passaging) or into 35 mm tissue culture dishes 
(for transfection and electrophysiology experiments). 

[0396] HEK-293 cells, 40%-80% confluent, were 
co-transfected with various combinations of 0.6 ug each of 
the. following plasraids; pGreen Lantern-1 (Gibco/BRL, 
Gaithcrsburg, Md.), human GIRKl (JS1800), human 
GIRK4 (JS1741), rat GABA B Rlb (B058), and rat 



ID NO: 32) and 

ID NO:33) for GIRKl 

ID NO: 34) and 

ID NO: 35) for GIRK4. 

GABA B R2 (B055). Cells were transiently transfected using 
the Superfect Transfection Reagent from Qiagen (Valencia, 
Calif.) according to the manufacturer's instructions. Briefly, 
3 fig total plasmid DNA were incubated with 22.5 //l 
Superfect Reagent in 100 /d serum-free DMEM for 5-10 
minutes at room temperature. After addition of 600 ju\ 
complete DMEM, the DNA/Superfect mixture was trans- 
ferred to cells growing in 35 mm dishes coated with poly- 
D-lysine and incubated for 2-4 hours at 37° C. in a 5% C0 2 
incubator. Subsequently, the dishes were washed once with 
phosphate-buffered saline and 2 ml complete DMEM was 
added. Cells were incubated for 24-72 hours at 37° C. before 
performing electrophysiological measurements. 

[0397] The whole-cell configuration of the patch-clamp 
technique was used with glass pipettes having resistances of 
2-4 MQ when filled with the pipette solution. Solutions used 
were (in mM), KMcSO„, 125; KC1, 5; NaCl, 5; MgCl 2 , 2; 
EGTA, 11; HEPES, 10, pH 7.4; MgATP, 1.0; Na 2 GTP, 0.2, 
for the pipette and NaCl, 130; KC1, 4; CaCU, 2; MgCl 2 , 2; 
Glucose, 10; Sucrose, 10; HEPES, 10, pH 7.4 for the bath. 
GIRK currents were recorded in elevated K + solution con- 
taining 25 mM K" 1 " and a correspondingly lower concentra- 
tion of Na + . Voltage clamp recordings were made with an 
EPC-9 amplifier using Pulsc+ Pulse Fit software (HEKA Elc- 
ktronik). Series resistances were kept below 10 Mohm and 
no attempt was made to provide series resistance compen- 
sation. Currents were low-pass filtered al 1 kHz and digi- 
tized at a rate of 5 kHz. Unless otherwise noted, experiments 
were performed at room temperature on cells voltage 
clamped at a holding potential of -70 m V. Application of 
agonists was realized using a gravity-fed, perfusion system 
consisting of six concentrically arranged microcapillary 
tubes (Jones ct al. 1997). The time to complete solution 
exchange was about 100 ms. The bath was constantly 
perfused at a low rate with control solution. 

[0398] All voltage clamp recordings were made from 
transfected cells visualized under cpi fluorescent lighting 
conditions utilizing a filler set designed for GFP (Zeiss 
Optics) Fluorescent cells were an excellent indication of 
transfection since they all exhibited some constitutive GIRK 
current activity in contrast to untransfected cells which 
displayed no measurable inward rectifier K* currents (data 
not shown). 

Microphysiometry 

[0399] GABA B R1, GABA B R2 or the combination, were 
transiently expressed in CMO-K1 cells by liposome medi- 
ated transfection according to the manufacturer's recom- 
mendations ("Lipo feet AMINE", GibcoBRL, Bethesda, 
Md.), and maintained in Ham's F-12 medium with 10% 
bovine serum. Cells were prepared for micro physio metric 
recording as previously described (Salon, J. A., ct al., 1995). 
On the day of the experiment the cell capsules were trans- 
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ferred to the microphysiometer and allowed lo equilibrate in 
recording media (low buffer RPMI 1640, no bicarbonate, no 
scrum, Molecular Devices Corp.), during which a baseline 
was established. The recording paradigm consisted of a 100 
ml/min flow rate and a 30 s flow interruption during which 
the rale measurement was taken. Challenges involved an 80 
s drug exposure just prior to the first post-challenge rate 
measurement being taken, followed by two additional pump 
cycles. Acidification rates reported are expressed as a per- 
centage increase of the peak response over the baseline rate 
observed just prior to challenge. 

N-terminal Deletion Experiments 

[0400] As a start to exploring the structural aspects of 
GABA B R2 important for functional activity of the 
GABA B R1/R2 receptor, N-terminal deletion experiments 
were performed on the GABA B R2-HA construct (sec 
below). All such deletion mutants caused a complete dis- 
ruption of receptor activity as assessed by the measurement 
of GIRK currents in transfected HEK293 cells. In one such 
experiment, wildtype GABA B R2-HA was digested with 
Bglir restriction enzyme and religated. The BglH deletion 
mutant (Ml 18) lacks 257 amino acids at the N-tcrminus, 
corresponding to positions 226-482. Using immunofluores- 
cence, Ml 18 was found to be expressed on the cell surface, 
similarly to the wildtype GABA B R2-HA, yet when co- 
expressed with GABA U R1 did not produce GIRK activation 
with 100 uM GABA. Thus, although we cannot yet identify 
specific amino acids contributing to receptor activity, it 
appears that the N-tcrminal region comprising amino acids 
226-482 is critically important either for dimer formation, 
ligand binding or conformational changes associated with 
signal transduction. 

Construction of Epitope -tagged Polypeptides and 
Confocal Microscopy 

[0401] Incorporation of sequences encoding the 
RGS6xIIis or influenza virus hemagglutinin (HA) epitope 
into the GABA B R1 and GABA B R2 genes, respectively, was 
performed by PCR. Each epitope was positioned immedi- 
ately before the stop codon in the appropriate gene. Both 
lagged genes were subcloned into pcDNA. Sequence analy- 
sis was used to confirm all PCR-dcrivcd portions of the 
construct. Forty-eight hours post -Ira nsfection HEK293 cells 
were fixed for 20 min in 4% paraformaldehyde in PBS, 
permeablized in PBS containing 2% BSA and 0.1% Triton 
X-100 and incubated with primary antibody for 1.5 h. 
Mouse monoclonal anti-RGS (Qiagen) and mouse anti- 
FLAG (Boehringer-Mannheim) were labeled with FITC- 
conjugatcd goat anti-mouse antibodies. Rat monoclonal 
anti-HA (Boehringer-Mannheim) was visualized with 
TRITC-conjugated rabbit anti-irat antibodies. Fluorescent 
images were obtained with a Zeiss LSM 410 confocal 
microscope using a lOOx oil-immersion objective. 

Immunoprecipitation and Western Blotting 

[0402] Forty-eight hours following transient transfection 
HEK293 cells were solubilized in lysis buffer containing (in 
mM): 50 Tris/Cl pH 7.4, 300 NaCl, 1.5 MgCl 2 , 1 CaCl ? , 
protease inhibitors (Bochringer Mannheim tablets), 1% Tri- 
ton X-100, and 10% glycerol. 1-2 mg of protein was 
immunoprecipitated overnight at 4° C. with either 0.5 ^g rat 
monoclonal anti-HA antibody or 0.5 //g mouse monoclonal 



anti-4xHis antibody (Qiagen). Immune complexes were 
bound to 20 /*1 Protein-A agarose (Research Diagnostics, 
Inc.) for 2 h at RT. Protcin-A pellets were washed twice with 
buffer containing Triton-X-100, then once without, and 
eluted with 80 jA Laemmli sample buffer containing 2% 
(w/v) SDS and 20 mM DTT. After heating for 3 min. al 70° 
C, 20 jul IP samples or 20 ^g total protein was subjected to 
SDS-PAGE followed by Western blotting with either anti- 
HA or anti-4xHis antibody, followed by sheep anti-rat 
(Amcrsham) or goat anti-mouse (RDI) HRP-linkcd second- 
ary antibodies, respectively. Proteins were visualized with 
enhanced chcmilumincsccnt substrates (Pierce). 

[0403] Alternatively, material for immunoprecipitations 
was obtained by sucrose gradient fractionation of the Pi 
pellet as described by Graham(Graham, 1984). To verify the 
enrichment of plasma membrane in the resulting "P1+" 
pellet, Na*/K* ATPase in the P1+ and P2 (primarily microso- 
mal and vesiculate raham, 1984)) fractions was quantified 
by fluorescence detection of anti-alpha 1 subunit antibody 
(Research Diagnostics, Inc., clone 9A-5) on a phosphor 
imager (Molecular Dynamics). XTPase in P1+ fractions used 
for immunoprecipitations was found to be enriched >50 fold 
compared to P2 fractions. 

Experimental Results 

Novel GPCR Sequences Identified by BLAST 
Search 

[0404] The rat GABA B Rla amino acid sequence (Kaup- 
mann et al. (1997) Nature 386:239) was used as a query to 
search the EST division of GenBank with BLAST. Two 
entries, T07621 and Z43654, had probability scores that 
suggested significant amino acid homology to the 
GABA B Rla polypeptide. T07621 had sequence homology 
from the beginning of the first transmembrane domain to the 
beginning of third transmembrane domain of the 
GABA B Rla polypeptide. Z43654 had sequence homology 
from the sixth transmembrane domain to the seventh trans- 
membrane domain of the GABA B Rla polypeptide. The 
sequence documentation for T07621 and Z43654 was 
retrieved with Entrez (NCBI) and neither sequence was 
annotated as having homology to any 7-TM spanning pro- 
tein. 

[0405] These results were used to obtain a full-length 
human clone TL-266, comprising both of the sequences 
identified by the BLAST search. Sequence analysis of clone 
TL-266 revealed a complete coding region for a novel 
protein. A search of the GenEMBL database indicated that 
the most similar sequence was that of GABA B Rla , fol- 
lowed by G protein-coupled receptors (GPCRs) of the 
metabotropic receptor superfamily. The nucleotide and 
deduced amino acid sequence of TL-267 are shown in 
FIGS. 1 and 2, respectively. The nucleotide sequence of the 
coding region is 57% identical lo the rat GABA B Rla over 
a region of 1,686 bases. The longest open reading frame 
encodes an 898 amino acid protein with 38% amino acid 
identity to the rat GABA B Rla polypeptide. Hydropathy 
plots of the predicted amino acid sequence reveal seven 
hydrophobic regions that may represent transmembrane 
domains (TMs, data not shown), typical of the G protein- 
coupled receptor superfamily. Tn the putative TM domains, 
GABA B R2 exhibits 45% amino acid identity with the rat 
GABA B Rla polypeptide. The amino terminus of TL-266 
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has amino acid homology to the bacterial periplasmic bind- 
ing protein, a common feature of the metabotropic receptors 
(O'Hara ct al. (1993) Neuron 11:41-52). 

Generation of rat GABA B R2 PCR Product 

[0406] Using PCR primers designed against the first and 
seventh transmembrane domains of the human GABA B R2 
sequence, BB257 and BB258, a 780 base pair fragment was 
amplified from rat hippocampus and rat cerebellum. 
Sequence from these bands displayed 90% nucleotide iden- 
tity to the human GABA B R2 gene. This level of homology 
is typical of a species homologue relationship in the GPCR 
superfamily. 

Construction and Screening of a Rat Hypothalamic 
cDNA Library 

[0407] To obtain a full-length rat GABA B R2 clone, pools 
of a rat hypothalamic cDNA library were screened by PCR 
using primers BB265 and BB266. A 440 base pair fragment 
was amplified from 44 out of 47 pools. Vector-anchored 
PCR was performed to identify pools with the largest insert 
size. One positive primary pool, 1-47, was subdivided into 
24 pools of 1000 individual clones and screened by vector- 
anchored PCR. Seven positive subpools were identified and 
one, 1-47-4, was subdivided into 10 pools of 200 clones, 
plated onto agar plates, and screened by southern analysis. 
Four closely clustering colonics that appeared positive were 
rescreened individually by vector-anchored PCR. One posi- 
tive colony, 1-47-4-2, designated BOS4, was amplified as a 
single rat GABA B R2 clone. Since vector-anchored PCR 
revealed that BOS4 was in the wrong orientation for expres- 
sion, the insert was isolated by restriction digest and sub- 
cloned into the expression vector pEXJ. A transformant in 
the correct orientation was identified by vector-anchored 
PCR, and designated BO-55. 

[0408] The nucleotide and deduced amino acid sequence 
of BO-55 are shown in FIGS. 3 and 4, respectively. BO-55 
contains a 2.82 kB open reading frame and encodes a 
polypeptide of 940 amino acids. The nucleotide sequence of 
BO-55 is 89% identical to TL-267 in the coding region, with 
an overall amino acid identity of 98%. The proposed signal 
peptide cleavage site is between amino acids 40 and 41 
(Nielsen et al., 1997). 

[0409] A BLAST search of GenEMBL indicated that this 
sequence was most closely related to GABA B R1, displaying 
35% and 41% amino acid identities overall and within the 
predicted transmembrane domains, respectively (FIG. 10). 
The structural similarity to GABA B R1 indicated that this 
sequence encodes a novel polypeptide, which wc refer to as 
GABA B R2. The next most related sequences were other 
members of the mGluR family, with 21-24% overall amino 
acid identities. Like GABA B R1 and other members of the 
mGluR family (O'Hara, P. J., et al., 1998), GABA B R2 
contains a large N-terminal extracellular domain having 
regions of homology to bacterial periplasmic binding pro- 
teins. 

Distribution of GABA B R1 or GABA B R2 in cDNA 
Libraries 

[0410] Three cDNA libraries were screened by PCR with 
primers directed to transmembrane regions of either 
GABA B R 1 or GABA B R2. In a human hippocampal cDNA 



library both polypeptides were found in greater than 90% of 
the pools and in a nil hypothalamic cDNA library, again both 
polypeptides were found in greater than 90% of the pools. In 
addition, within each of these two libraries, the respective 
frequency of GABA U R L and GABA D R2 seems to be the 
same. However, in a rat spinal cord cDNA library, 
GABA B R1 was found in 62.5% of the pools while 
GABA B R2 was found in only 17.5% of the pools. Minis, 
while both polypeptide subtype appear to be present at high 
frequency in all three of the libraries, in the spinal cord 
library GABA B R2 occurs at 3.6-fold lower frequency. These 
data point to the existence of an additional GABA B -like 
peptide(s). 

Results of Localization Controls 

[0411] The specificity of the hybridization of the 
GABA B R2 probe was verified by performing in situ hybrid- 
ization on transiently transfected HEK293 cells as described 
in Methods. The results indicate that hybridization to each of 
the individual GABA B polypcptidcs was specific only to the 
HEK293 cells transfected with each respective cDNA. In 
addition, in situ hybridization on rat brain sections was 
performed using two hybridization probes targeted to dif- 
ferent segments of the GABA B R2 mRNA. In each case the 
pattern and intensity of labeling was identical in all regions 
of the rat CNS. Nonspecific hybridization signal was deter- 
mined using the sense probes and was indistinguishable 
from background. 

Localization of GABA B R2 mRNA in Rat CNS 

[0412] The anatomical distribution of GABA B R2 mRNA 
in the rat brain was determined by in situ hybridization. By 
light microscopy the silver grains were determined to be 
distributed over neuronal profiles. The results suggest that 
the mRNA for GABA B R2 is widely distributed throughout 
the rat CNS in addition to several sensory ganglia (FIGS. 
19H-I) . However, expression levels in the brain were not 
uniform with several regions exhibiting higher levels of 
expression such as the medial habenula, CA3 region of the 
hippocampus, piriform cortex, and cerebellar Purkinje cells 
(FIGS. 19A-F). Moderate expression levels were observed 
in the ventral pallidum, septum, thalamus, CA1 region of the 
hippocampus, and geniculate nuclei (FIGS. 19C, D, E). 
T^ower expression of GABA B R2 mRNA was seen in the 
hypothalamus, mesencephalon, and several brainstem nuclei 
(FIGS. 19D, F). GABAergic neurons and terminals are 
likewise widely distributed in the CNS (Mugnaini, E.» et al., 
1985). and the distribution of the GABA B R2 mRNA corre- 
lates well with the distribution of GABAergic neurons. One 
exception is the substantia nigra which contains high den- 
sities of GABAergic neurons, yet very low expression of 
GABA B R2 mRNA. Additionally, the anatomical distribu- 
tion of GABA B R2 mRNA is in concordance with previous 
reports of the distribution of GABA B binding sites obtained 
using [ 3 H]baclofen (Gehlert, D. R., et al., 1985), and [ 3 H] 
GABA (Bowery, N. J., et al., 1987). Furthermore, there was 
a high degree of similarity in the distribution and intensity 
of GABA B R2 hybridization signal relative to those previ- 
ously reported for GABA B R1 (Bischoff, S., ct aL, 1997) 
(FIGS. 11, 12). Notable exceptions were the hypothalamus 
and caudate-putamen, where the expression of GABA B R2 
message appeared lower than that of GABA B R1. 
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Colocalization of GABA B R2 and GABA B Rlb 
mRNAs in the Rat CNS 

[0413] The results of the in situ hybridization studies using 
digoxygen in-labeled probe conjugated to alkaline phos- 
phatase and the chromagen NBT/BCIP for the GABA B R2 
mRNAand an [ 35 S]dArP- labeled probe for the GABA B Rlb 
mRNA indicated that coexpression of the GABA B R2 
mRNA and GABA B Rlb mRNA did occur in vivo in neu- 
rons. In particular, colocalization was observed in cells of 
the medial habcnula, hippocampus, and the cerebellar 
Purkinje cells. Likewise, there was evidence from the auto- 
radiograms for potential overlapping distribution of the three 
known GABA B mRNAs in the olfactory bulb, throughout the 
entire neocortex, several hypothalamic nuclei, numerous 
thalamic nuclei and brain stem nuclei. However, the 
Purkinje cells of the cerebellum contained message for only 
GABA B R2 and GABA B Rlb and not the GABA B Rla. Addi- 
tionally, all three subtypes appear to be distributed through- 
out the gray matter of the spinal cord in all levels of the 
spinal cord. 

[0414] The overlapping expression patterns of GABA B R1 
and GABA B R2 transcripts in the brain suggested the pos- 
sibility the polypeptides may be co-expressed in individual 
neurons and that both might he required for functional 
activity. 

Oocyte Expression 

[0415] Postsynaptic inhibition of neurons by GABA B 
receptor activation is caused by the opening of inwardly 
rectifying K + channels (GIRK) (North, R. A., 1989; 
Andrade, R. et al., 1986; Gahwiler, B. H., et aL, 1985; 
Luscher, C, et al., 1997). Oocytes expressing the combina- 
tion of GABA B Rlb and GABA B R2 mRNAs together with 
GIRKs elicited large currents in response to 30 «M GAB A 
(Tabic la and lb). (Subsequent to the compilation of the data 
in Table la, experiments were done to make Table lb.) 
GABA and baclofen evoked sustained currents of similar 
magnitude (FIG. 13B). In contrast, oocytes expressing 
transcripts encoding either GABABRla, GABA B Rlb, or 
GABA B R 2 alone consistently failed to generate GIRK 
currents in response to high concentrations of GABA (1 
mM), baclofen (1 mM) or 3-APMPA (100 /<M). Others have 
reported similar results with GABA B R1 (Kaupmann, K. et 
al., 1997a; Kaupmann, K., et aL, 1997b). 

TABLE la 

Magnitude of GIRK currents stimulated by GABA 
in oocytes and HEK-293 cells expressing GIRK1 and GIRK4 



[0416] 







Oocytes 






HEK-293 






mean 






mean 








(nA) 


S.E.M. 


(a) 


(PA) 


S.E.M. 




GA13A B Rla 


0 


0 


(35) 








GABA B Rlb 


0 


0 


(15) 


5 


3 


(3/26) 


GABA B R2 


0 


0 


(19) 


5 


5 


(1/6) 


GABA B Rlb+ 


1396 


269 


(7) 


658 


323 


(9/10) 


GABA B R2 














GABA B Rlb+ 


7 


7 


(2) 








GABA B R2+ 














PTX 















TABLE lb 



Magnitude of GIRK currents stimulated by GABA 
in oocytes and HEK-293 cells expressing GIRK1 and GIRK4 







Oocytes 






HEK-293 






mean 






mean 








(nA) S.E.M. 


(n) 


(PA) 


S.E.M. 


(n') 


GABA n Rla 


0 


0 


(35) 








GABA B Rlb 


0 


0 


(23) 


5 


3 


(5/26) 


GABA B R2 


0.230 


.13 


(30) 


.87 


.87 


(1/23) 


GABA B Rlb+ 


832 


65 


(65) 


470 


71 


(70/81) 


GABA D R2 














GABA B Rlb+ 


16 


9 


(3) 









GABA n R2+ 
FIX 



•number of cells responding/total number studied 

[0417] Currents stimulated by GABA in oocytes injected 
with both GABA B Rlb and GABA B R2 mRNAs were com- 
pletely blocked by the selective antagonist CGP55845 (1 
/*M) in a reversible fashion (data not shown), The potency of 
GABA and baclofen for eliciting GIRK currents was mea- 
sured by performing steady-state cumulative concentration 
response assays on individual oocytes (FIG. 6 A). Like K + 
responses elicited by stimulation of native GABA B receptors 
(Lacy et al. 1988; Misgeld et aL 1995), responses in oocytes 
did not desensitize and could be faithfully reproduced by 
multiple agonist applications on single oocytes. Stimulation 
of inward current was concentration dependent for both 
GABA and baclofen, llie EC 50 s, 1.76 /iM for GABA and 
3.99 /iM for baclofen (FIG. 6B, FIG. 7), agreed closely with 
those reported in the literature for native receptors (Lacy et 
al. 1988; Misgeld et al. 1995). Concentration-effect curves 
for GABA were shifted to the right, in an apparently 
competitive manner, by well characterized GABA B -selec- 
tive antagonists (FIG. 15B). Based on additional experi- 
ments, the EC^/s are 1.32 jtM for GABA and 3.31 /iM for 
baclofen. The results to date are summarized in Table 2. 
Antagonist affinity estimates (FIG. 15B, Table 2) were 
similar to values reported in previous electrophysiological 
studies using brain tissue (Bon, C, et al., 1 996; Seabrook, G. 
R., et aL, 1990), as well as to those obtained by measuring 
displacement of radioligand from cells expressing 
GABA n Rl alone (Kaupmann, K., et al., 1997a) (Table 2). 
TABLE 2 

Agonist and antagonist pharmacology in cells 
expressing GABAnRl. GABA„R2. or both. 



Protein Measurement Agonist 



Antagonist 



Bad 

GABA ofen 



3- 

APMPA 



Phacl CUPS 
ofen 4626 



CGP55 
845 



GABA B pEC* 5.88 ± 5.48 7.29 ± 

Rl + pKe* 0.01 * 0.02 

GA 0.05 
JJA B R2 

GABA B pKi 3 4.6 4.3 5.2 
Rl 



3.80 7.48 ± 8.60 ± 
* 0.05 0.09 
0.03* 1 



>3.0 8.95 



8.7 



•number of cells responding/total number studied 



l n => 6-8 oocytes except for GABA; n = 20 oocytes. 
2 Measured using GABA as agonist; n = 4-6 oocytes. 
^Displacement of [*H]-CGP54626 from COS-7 cells expressing 
GABA B R1; n -3.4 

"[C 50 using ECf 0 concentration of GABA. 
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[0418] Evidence that GABA-induced currents were medi- 
ated by GIRK channels included: 1) dependency on elevated 
external K*, 2) strong inward rectification of the current- 
voltage (I/v) relation, 3) reversal potential (-23.3 mV) close 
to the predicted equilibrium potential for (-23 mV), and 
4) sensitivity to block by 100 jtiM Ba^ (FIG. 8). 

[0419] Three oocytes were injected with pertussis toxin (2 
ng/oocyte) 6 h before voltage clamping. GABA-stimulated 
currents were abolished in these oocytes (Table la and lb), 
suggesting that receptor activation of GIRKs was mediated 
by G-proteins G; or G Q . Analogous results have been 
obtained by others expressing D2 dopamine receptors with 
GIRKs in oocytes (Werner et al. 1996). 

G ABA Responses in Co- transfected HEK-293 Cells 

[0420] To verify that both gene products, GABA B Rlb and 
GABA B R2, are also required for expression of functional 
GABA R receptors in mammalian cells, voltage clamp record- 
ings were obtained from HEK-293 cells transiently trans- 
fected with various combinations of each gene along with 
GIRKs, Cells transfected with a combination of GABA B Rlb 
(BOS8) and GABA B R2 (B055) plus GIRKs consistently 
produced large K* currents in response to 100 //M GAB A (9 
of 10 cells tested, Table la and 70 of 81 cells tested, Table 
lb). Large amplitude currents were also observed when 
GABA B R2 was paired with the GABA B Rla splice variant 
(1046" 247 pA; n=9). In contrast, cells transfected with only 
one of the GABA B genes plus GIRKs responded either not 
at all or only very weakly to GABA (Table la and lb). Small 
agonist-evoked currents (10-50 pA) were observed in 5 of 
26 cells expressing GABA B R1; similar weak currents were 
evoked in 1 of 23 cells expressing GABA B R2. 

[0421] GABA-elicited currents in doubly transfected cells 
were completely blocked by 100 j«M Ba** or the competitive 
antagonist CGP55845 at 1 (FIG. 9) . The EC so for 
GABA stimulation of GIRKs in HEK-293 cells was deter- 
mined using similar methods as for oocytes. The EC 50 , 3.42 
j«M, was comparable to that measured in oocytes (1.76,uM; 
further experiments gave 1.32 /*M). Thus, whether in Xeno- 
pus oocytes or HEK-293 cells, the behavior of the GABA B 
receptor is the same. Co-expression of both GABA B Rlb and 
GABA B R2 is required to observe activation of the receptor 
by GABA. 

[0422] To determine if co-expressed GABA B R1/R2 could 
mediate a cellular response in the absence of exogenously 
supplied GIRKs, we transiently co- transfected CHO cells 
with GABA B R1 and GABA B R2 and measured agonist- 
evoked extracellular acidification using a microphysio meter. 
Baclofen stimulated a 9- fold increase in acidification rate 
(FIG. 16) which was blocked by 100 nM CGP55845 and by 
pretreatment with PTX (not shown). This response was 
absent in cells expressing either protein alone. Since GIRK 
activity is undetectable in wild-type CHO cells (Krapivin- 
sky, G., et al., 1995b) we conclude that GIRK expression is 
not a prerequisite for signal generation by GABA B R1/R2. 



G AB A B R 1/G ABA B R2 Signaling Through Chimeric 
G-protcins 

[0423] Chimeric G-protcins have been used to "switch" 
the coupling pathway of a GPCR from one that normally 
inhibits adenylyl cyclase to one that activates phospholipase 
C (Conklin et al., 1993). With the aim of developing an assay 
based on Ca"^ 1 " or some other signal amenable to high 
throughput screening, we employed a Gu q/i3 chimera to 
obtain Ca^-induced Cl~ responses in oocytes. Oocytes were 
injected with GABA B R1 and GABA B R2 mRNAs as previ- 
ously described. 2-3 days later oocytes were injected again 
with 50 pg of Ga q , i3 mRNA and recorded under voltage 
clamp conditions. In response to GABA (0.1-1 mM) 88% of 
these oocytes produced rapidly desensitizing inward cur- 
rents (454±92 nA; n=14) typical of those stimulated by 
receptors that normally couple to Gei q . In contrast, oocytes 
injected with only the GABA B R1/GABA B R2 combination 
(n>100), or GABA B R1 plus Ga q/i3 (n-4) failed to produce 
currents. 

[0424] GABA B agonists also resulted in conccntration- 
dependent stimulation of phosphoinositidc production in 
COS-7 cells transfected transiently with GABA B R1, 
GABA B R2, and the chimeric G-protein Gct^. The concen- 
tration of agonist evoking 50% of its maximum response 
(EC 50 ) and fold stimulation over basal were: GABA(EC S0 = 
1.8 uM; 2.4 fold); baclofen (1.7 /iM; 1.8 fold); 3-aminopro- 
pylmethylphosphinic acid (EC 50 =0.11 //M; 2.2 fold). These 
results indicate that G-protein chimeras, in particular Ga^ 
and Ga q/i3 , arc useful for directing GABA B receptor stimu- 
lation to a phosphoinositide- or Ca"^ -based assay. 

[0425] A comparison of the pharmacological properties of 
GABA B R1 and GABA B R2 using radioligand binding 
revealed that membranes from HEK293 or COS-7 cells 
expressing GABA B R1 , but not those expressing GAB A^R2, 
were labeled by the high affinity antagonist [ H]- 
CGP54626 21 (Table 2), indicating that the polypeptides are 
pharmacologically distinct. Neither was labeled by the ago- 
nists [ 3 H]-GABA or [ 3 H]-baclofcn. Furthermore, with the 
available ligands (GABA, baclofen, APMPA, phaclofen, 
CGP54626, CGP-55845 and SCII-50911) the binding pro- 
file of membranes from cells co- transfected with 
GABA n Rl/R2 was not different from those transfected with 
GABA B R1 alone. The absence of detectable high affinity 
agonist binding to GABA B R1/R2, as well as to GABA B Rlb, 
constitutes a notable distinction from the GABA B binding 
profile in the CNS and may reflect the absence of an 
essential, as yet undefined G-protein or accessory protein. 

[0426] The molecular mechanism by which protein co- 
expression confers functional activity is unknown. We noted 
that varying the ratios of GABA B R1/R2 cDNAs from 1/100 
to 100/1 in HEK293 cells resulted in a symmetrical fall off 
in response amplitude (FIG. 14B). This suggests that a 1:1 
protein stoichiometry may be critical, and caused us to 
postulate that the polypeptides are forming a heteromeric 
association. Biochemical evidence supports the idea that 
certain GPCRs can exist as homodimers (Hebert, T. E., el al.. 
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1996; Cvejic, S., et al., 1997; Ciruela, F., et al., 1995; 
Avissar, S., et al., 1983; Romano, C, et al., 1996), but the 
functional significance of this has been largely unexplored 
(Hebert, T. E., et al., 1 996; Wreggett, K. A., et al., 1 995). The 
possibility of a physical association was investigated using 
epi lope- lagged versions of GABA B R1 (RGS6xH tag) and 
GABA B R2 (HA tag). C-terminal modification did not 
appear to alter the function of either polypeptide; maximal 
current amplitudes (FIG. 14B) and EC 50 values for GABA 
(4.97 j«M, n=5) were unchanged compared to HEK293 cells 
expressing the wild -type GABA B R1/R2 receptor combina- 
tion (3.42 //M, n=5). The subcellular distribution of cpitopc- 
tagged proteins was examined in transfected cells by fluo- 
rescence microscopy. When expressed individually, 
GABA B Rl RGS6xH and GABA,^* 1 * were localized 
throughout the plasma membrane. Optical sectioning of 
antibody-labeled cells by confocal microscopy confirmed 
the membrane localization pattern, with less labeling in the 
cytoplasm and none in the nucleus. In co -transfected cells 
there was a striking overlap in the distribution of the two 
epitope tags (FIG. 17A-17C). Both proteins were promi- 
nently expressed on the plasma membrane. Furthermore, 
co-localization occurred within the cytoplasm, suggesting 
that GABA B R1 and GABA B R2 assemble in the endoplas- 
mic, reticulum. In contrast, the cellular distribution of an 
unrelated GPCR, NPY Y5, differed considerably from that 
of GABA B R2 (FIG. 17D), suggesting specificity in the 
association of GABA B R2 with GABA B R1. 

[0427] Western blots of whole cell extracts from cells 
expressing GABA B Rl RGS6xH , GABA B R2 HA or both, exhib- 
ited bands close to the predicted molecular weights of the 
two proteins (92 kD for GABA B R1, 97 kD for GABA B R2) 
and additional bands corresponding to the predicted molecu- 
lar weights of receptor dimers (FIG. 18A,B). To determine 
if GABA B R1 and GABA B R 2 co-associate in a heteromeric 
complex, we immuno precipitated solubilized material from 
cells expressing both polypeptides. GABA B R2 HA was 
detected in material immunoprecipitated using either anti- 
His or anti-HA antibodies (FIG. 18). To determine if 
GABA B Rlb and GABA B R2 co-associate in a heteromeric 
complex, we performed immunoprecipitations using mem- 
brane fractions enriched in plasma membrane as determined 
by the presence of Na"7K + ATPase (FIG. 20A). In co- 
transfected cells only, GABA B R2 HA was detected in mate- 
rial immunoprecipitated using antibodies specific for the 
GABA B Rl RGS6xH protein (FIG. 20B). This result confirms 
that both GABA B R1 and GABA B R2 are correctly targeted 
to the plasma membrane of HEK293 cells, and that the two 
proteins exist in a heteromeric complex, perhaps as hel- 
erodimers, on the membrane surface. 

Responses Measured Using a Microphysiometer 
[0428] The results described so far using rat clones of 
GABA B R1 and GABA B R2 indicate that hctcrodimcr for- 
mation is critical for the activation of GABA B receptors by 
agonists. Co-expression experiments with human polypep- 
tides suggest that the same phenomenon occurs for human 
homologues of GABA B R1 and GABA B R2. For example, 
using the microphysiometer we found that only when both 
rat GABA B R1 and rat GABA B R2 were co-expressed was 
there a dosc-dcpcndcnt acidification response to baclofen. In 
other experiments when human GABA B R1 was substituted 
for rat GABA B R1, and co-expressed with rat GABA B R2, a 
similar concentration-dependent acidification response was 



observed (FIG. 24). The calculated EC 50 values for baclofen 
were indistinguishable between rat GABA n Rl/rat 
GABA B R2 (1.09 /<M) and human GABA B Rl/rat 
GABA B R2 (1.08 //M). These data strongly support the 
notion that like the rat receptor, the human GABA B receptor 
is formed by subunils composed of GABA B R1 and 
GABA B R2. 

GABA B Mediated Calcium Responses Measured 
Using FLIPR 

[0429] Confluent monolayers of COS -7 cells in 150 cm 2 
flasks were transfected simultaneously with three individual 
plasmids containing (1) the human GABA B R1 (5 ng), (2) 
the human GABA B R2(5 ng), and (3) the chimeric G-protein 
Ga^^ (10 ng), using the DEAE/Dextran method (Lopata, et 
al., 1984). The cells were grown under controlled conditions 
for 24 h, at which time they were re-seeded into poly-D- 
lysinc coated 96 well plates (Biocoat, VWR #62406-036) at 
a density of 50000 cells/well, and grown for another 24 h. 

[0430] On the day of the assay, the medium was aspirated 
and 100 //l of loading buffer (Hank's buffer containing 20 
mM MEPES, 1% FBS, 2.5 mM probenecid, and 4/<M Fluo-3 
/iM; F1241 Molecular Probes, Eugene, Oreg.) was added to 
each well. The cells were then incubated for 1 h at 37° C. in 
an atmosphere of 5% C0 2 The cells were then washed 3x 
with assay buffer (Hank's buffer containing 20 mM HEPES 
and 2.5 mM probenecid) at room temperature. The cells 
were left in a final volume of 150 assay buffer. To begin the 
assay, test compounds were added from drug plates in 50 fd 
volumes via the FLIPR instrument (Molecular Devices, 
Sunnyvale, Calif.) in a volume of 50 fA. Receptor-mediated 
increases in intracellular Ca* concentration were recorded as 
flourescent units. After subtracting baseline fluorescence, 
responses above background were plotted versus agonist 
concentration to give final concentration effect curves. Con- 
centration-effect curves were analyzed by non-linear regres- 
sion analysis to derive agonist potencies. 

[0431] The GABA B agonist 3-APMPA evoked concentra- 
tion dependent increases in intracellular Ca + concentration 
in COS-7 cells transfected with GABA B R1, GABA B R2, and 
Got 13 . The potency derived for 3-APMPA in this assay was 
6.85 (pEC 50 ). 

Experimental Discussion 

[0432] A gene has been cloned that shows 38% overall 
identity at the amino acid ^ level with the recently cloned 
GABA B R1 polypeptide. Important predicted features of the 
new gene product include 7 transmembrane spanning 
regions, and a large extracellular N-tcrminal domain. Like 
the GABA B R1 gene product, GABA B R2 by itself does not 
promote the activation of cellular effectors such as GIRKs. 
When co-expressed together, however, the two permit a 
GABA receptor phenotype that is quite similar to that found 
in the 6rain. The functional attributes of this reconstituted 
receptor include: 1) robust stimulation of a physiological 
effector (GIRKs), 2) EC so s for GABA and baclofen in the 
same range as for GABA B receptors previously studied in 
the CNS, 3) antagonism by the high affinity selective antago- 
nist CGP55845, and 4) inhibition of receptor function by 
pertussis toxin. These attributes are not observed when 
either G AB A B R 1 or GABA B R2 is expressed alone. 

[0433] Our data indicate that GABA B R1 and GABA B R2 
associate as subunits to produce a single pharmacologically 
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and functionally defined receptor. Consistent with this view, 
double labeling in situ hybridization experiments provided 
evidence that GABA B R1 and GABA B R2 mRNAs arc co- 
expressed in individual neurons and populations of neurons 
in several regions of the nervous system including hippoc- 
ampal pyramidal cells (FIG. 21), cerebellar Purkinje cells 
(FIG. 12A,B) and sensory neurons in mesencephalic 
trigeminal nucleus (FIG. 21) and dorsal root ganglia. This 
co-localization pattern of GABA B R1 and R2 transcripts 
predicts that GABA B receptors on these cells arc comprised 
of GABA B R1/R2 heteromers. Other as yet unidentified 
GABA b receptor homologucs may associate elsewhere to 
produce novel subtypes. For example, the low level of 
expression of GABA B R2 mRNA relative to GABA B R1 in 
caudate putamen and hypothalamus (FIGS. 11A,B) raises 
the possibility that other GABA B receptor homologues may 
associate with GABA B R1 to produce novel subtypes in 
these regions. Conclusive evidence that functional GABA B 
receptors exist in vivo as multimcrs will await immunof- 
luorescence studies with specific antibodies. 

[0434] The recent cloning of a family of accessory pro- 
teins that modify the binding and functional properties of a 
calcitonin -receptor-like receptor (McLarchie, el al., 1998) 
demonstrates that some 7-TM spanning proteins require 
additional unrelated proteins to reconstitute native GPCR 
activity. GABA B R1 and GABA B R2 are the first examples of 
7-TM proteins for which activity is dependent on an inter- 
action with another member within the same family of 
proteins. There will be considerable interest in whether other 
GPCRs are formed by heteromeric complexes of related 
7-TM proteins. Many members of the superfamily of 
GPCRs, such as D 3 , 5-HT 5 , and olfactory receptors, do not 
function well in heterologous expression systems and may 
require related partners to generate native receptor function 
(Nimschinsky, et al,, 1997). The growing list of receptors 
that have been reported to exist as homodimers (Ciruela, F., 
et al., 1995; Cvejic, S.,et al., 1997; Hebert, T. E.,et al, 1996; 
Romano, C, et al., 1996; Maggio, R., et al., 1996) points to 
the likelihood that both homomeric and heteromeric assem- 
blies are more widespread among GPCRs than previously 
thought. 

[0435] There are several possible explanations for why 
two genes are required for full function of the GABA n 
receptor. One possible explanation is that the two gene 
products function together as a heterodimer having high 
afEnity agonist and antagonist binding sites. Currently, there 
is no precedent for heterodimerization of GPCRs. There is 
evidence that certain GPCRs, for example the mGluRS 
receptor, can form homodimers via cystine disulfide bridges 
in the N-terminal domain (Romano et al., 1996). 

[0436] Significantly, synthetic peptides that inhibit 
homodimerization of beta2-adrenergic receptors also reduce 
agonist stimulation of adenylyl cyclase activity (Hebert et 
al., 1996). Useful parallels may be drawn from other classes 
of receptors where heterodimeric structures are well-known. 
For example, the NMD A (glutamate) receptor is comprised 
of two principal subunits, neither of which alone permits all 
of the native features of the receptor (see Wisden and 
Seeburg, 1993). GABA B receptors may be comprised simi- 



larly of two (or more) peptide subunits, such as GABA B R1 
and GABA B R2, that form a quaternary structure having 
appropriate binding sites for agonist and G-prolein, 

[0437] A role for GABA B R2 in modulating sensory infor- 
mation is suggested by in situ hybridization histochemistry 
which revealed the expression of GABA B R2 mRNA in relay 
nuclei of several sensory pathways. In the olfactory and 
visual pathways GABA U R2 appears to be in a position to 
modulate excitatory glutamatergic projections from the 
olfactory bulb and retina GABA B R2 mRNA was observed in 
the target regions of projection fibers from the main olfac- 
tory bulb, including the olfactory tubercle, piriform and 
entorhinal cortices and from the retina, for instance the 
superior colliculus (FIGS. 19A,B; Table 3). 

[0438] The ability to modulate nociceptive information 
might be indicated not only by the presence of GABA B R2 
transcripts in somatic sensory neurons of the trigeminal and 
dorsal root ganglia (FIGS. 19H-I) but also by being present 
in the target regions of nociceptive primary afferent fibers, 
including the superficial layers of the spinal trigeminal 
nucleus and dorsal horn of the spinal cord (FIGS. 19F-G). 
Again, in each of these loci GABA B R2 has been shown to 
be in a position to potentially modulate the influence of 
excitatory glutamatergic nociceptive primary afferenls. In 
both ganglia, microscopic examination indicated that the 
hybridization signal did not appear to be restricted to any 
one size cell and was distributed evenly over small, medium 
and large ganglion cells. Thus, GABA B R2 may be able to 
influence various sensory modalities. Expression levels 
appeared to be higher in the ganglion cells of the dorsal root 
with light to moderate expression in the trigeminal ganglia. 

[0439] GABA B R2 mRNA was likewise observed to be 
expressed in the vestibular nuclei which are target regions of 
inhibitory GABAergic Purkinje cells and also in the 
Purkinje cells themselves, suggesting that GABA B R2 may 
be important in the mediation of planned movements (FIG. 
19F). 

[0440] Moderate expression of GABA B R2 transcripts 
throughout the telencephalon indicate a potential modula- 
tory role in the processing of somatosensory and limbic 
system (entorhinal cortex) information, in addition to modu- 
lating visual (parietal cortex) and auditory stimuli (temporal 
cortex) as well as cognition. Furthermore, modulation of 
patterns of integrated behaviors, such as defense, ingestion, 
aggression, reproduction and learning could also be attrib- 
uted to this receptor owing to its expression in the amygdala 
(Table 3). The high levels of expression in the thalamus 
suggest a possible regulatory role in the transmission of 
somatosensory (nociceptive) information to the cortex and 
the exchange of information between the forebrain and 
midbrain limbic system (habenula). The presence of 
GABA B R2 mRNA in the hypothalamus indicates a likely 
modulatory role in food intake, reproduction, the expression 
of emotion and possibly neuroendocrine regulation (FIG. 
19D). A role in the mediation of memory acquisition and 
learning may be suggested by the presence of the GABA B R2 
transcript throughout all regions of the hippocampus and the 
entorhinal cortex (FIG. 19D). 
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Distribution of r(JABA B R2, rGA13A B Rla f and GA13A B lb 
mRNA in the rat CNS. The strength of the hybridization 

signal for each of the respective mRNAs obtained in 
various regions of the rat brain was graded as weak (+), 
moderate (++), heavy (+++) or intense (++++) and is relative 
to the individual polypeptides. 



Region 



GABA B R2 GABA B Rla* GABA B Rlb* Potential Application 



Olfactory 

bulb 

internal 

granule 

layer 

glomerular 

layer 

external 

plcxiform 

layer 

mitral cell 
layer . 
anterior 
olfactory n 
olfactory 
tubercle 
Islands of 
Calleja 

Telencephalon 

r : 

taenia 

tecta 

frontal 

cortex 

orbital 

cortex 

agranular 

insular 

cortex 

cingulate 

cortex 

rctrosplcnial 

cortex 

parietal 

cortex 

occipital 

cortex 

temporal 

cortex 

perirhinal 

cortex 

entorhinal 

cortex 

dorsal 

endopiriforn n 

piriform 

cortex 



Basal Ganglia 
accumbens n 



caudateputamen 

globus 

pallidus 

Septum 



Modulation of 
olfactory sensation 



Sensory 
integration 



Processing of 
visual stimuli 



Processing of 
auditory stimuli 



Processing of 
visceral information 



Integration/ 
transmission 
of incoming 
olfactory information 



Modulation of 

dopaminergic 

function 

Sensory/motor 

integration 



medial 
septum 



Cognitive 
enhancement 
via cholinergic 
system 
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TABLE 3-continucd 



Distribution of rOAUA B R2, rGAliA B Rla, and GADA B lb 
mRNA in the rat CNS. The strength of the hybridization 

signal for each of the respective mRNAs obtained in 
various regions of the rat brain was graded as weak (+), 
moderate (++), heavy (+++) or intense (++++) and is relative 
to the individual polypeptides. 

Region GABA B R2 GABA B Rla* OABA B Rlb" Potential Application 



lateral 
septum 



septohippo- 

campal n 

diagonal 

band n 

ventral 

pallidum 

Amygdala 



basolateral n 
medial 

amygdaloid n 
basomedial n 
central n 
an tenor 
cortical n 
posteromedial 
cortical n 
bed n stria 
terminals 
zona incerta 
Hippocampus 



CA1 , Amnion's 
horn 

CA2 , Amnion's 
horn 

CA3 , Am men's 
horn 

subiculum 

parasubiculum 

presubiculum 

dentate gyrus 

polymorph 

dentate gyrus 

H ypothalamus 

suprachiasm 
atic n 
median 
preoptic 
area 



paraventricular n 

arcuate n 

anterior 

hypoth, 

post 

lateral 

hypoth 

ventromedial n 
periventricular n 
supraoptic n 

supra mammillary n 



++++ 
++++ 



Modulation of 
integration 
of stimuli 
associated 
with 

adaptation 



Anxiolytic 
(activation - 
reduction in 
panic attacks) 
appetite, depression 



Olfactory 
amygdala 



Memory 
consolidation 
and retention 



Facilitation 
of D'P 



Regulation of 

gonadotropin 

secretion and 

reproductive 

behaviors 

Appetite/obesity 



Synthesis of 
OXY and AVP 
Modulation of 
hypothalamic 
projections 
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TABLE 3-continucd 



Distribution of rGA13A B R2, rGABA B Rla, and GAUA B 3b 
mRNA in the rat CNS. The strength of the hybridization 

signal for each of the respective mRNAs obtained in 
various regions of the rat brain was graded as weak (+), 
moderate (++), heavy (+++) or intense (++++) and is relative 
to the individual polypeptides. 

Region GABA B R2 GABA B Rla* GABA B Rlb" Potential Application 



premammillary n 
medial 

mammillary n 
Thalamus 



paraventricular n 



centra medial n 



paracentral n. 
parufascicular n 



antcrodorsal n 

laterodorsal n 
lateral 
posterior n 
reuniens n 



rhomboid n 
medial 
- habcnula 



lateral 
hnbenuln 
ventrolateral n 
ventromedial n 
ventral 

posterolateral n 
reticular n 
lateral 
geniculnte n 
medial 
geniculate 
subthalamic n 
Mesencephalon 

superior 

coltictilus 

inferior 

colliculus 

central gray. 

dorsal raphe 

deep 

mesencephalic n 
phalic n 
oculomotor n 
pontine n 
retrorubral field 



Analgesia/Mo 
d-ulation of 
sensory information 
Modulation of 
motor and 
behavioral 
responses to 
pain 

Modulation of 
motor and 
behavioral 
responses to 
pain 

Modulation of 
motor and 
behavioral 
responses to 
pain 

Modulation of 
eye movement 



Modulation of 
thalamic input to 
ventral 

hippocampus and 
entorhinal ctx 



Anxiety/sleep 
disorders/ 
analgesia in 
chronic pain 



Alertness/sedation 
Modulation of 
visual perception 
Modulation of 
auditory system 



Modulation of 
vision 

Analgesia 
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TABLE 3-continucd 



Distribution of rGABA B R2,, rGABA B Rla, and GABA B lb 
mRNA in the ral CNS. The strength oC the hybridization 

signal for each of the respective mRNAs obtained in 
various regions of the rat brain was graded as weak (+), 
moderate (++), heavy (-M-+) or intense (++++) and is relative 
to the individual polypeptides. 

Region GABA B R2 GABA B RJn» GABA B Rlb* Potential Application 



ventral 

tegmental 

area 



substantia 

nigra, 

reticular 

substantia 

nigra, 

compact 

intcrpedunc ular □ 
Myclcnccphalon 
raphe magnus 
raphe pa Hid us 
principal trigeminal 
spinal trigeminal n 
pontine reticular n 
parvicellular 
reticular n 
locus 
coeruleus 
parabrachial n 



gigantocel 
1 - ular 
reticular n 

propositus 
hypoglossal n 



ND 



ND 



ventral cochlear n 


++ 


+ 


ND 


n soltary tract 


++ 




ND 


A5 Noradrenaline cells 


+ 


ND 


facial n(7) 


+ 


++ 


+ 


Cerebellum 








granule 


+ 


+ 


_ + 


cell layer 








Purkinje 


++ 




++ 


cells 








Spinal cord 








dorsal horn 


+ 


++ 


+ 


ventral 


+ 


++ 


+ 


horn 








trigeminal 


++ 


+++ 


+ 


ganglion 






ND 


dorsal root 


++++ 


+++ 


ganglion 









Modulation of 
the 

integration 
of motor 
behavior and 
adaptive 
responses 
Motor control 



Analgesia 
Analgesia 



Modulation of 
NA transmission 
Modulation of 
visceral sensory 
information 
Maintenance of 
balance and 
equilibrium 
Inhibition 
and 

disinhibition 
of brainstem 
Position and 
movement of 
the eyes/ 
Modulation of 
arterial 
pressure and 
heart rate 

Hypertension 



Motor 

coordination, Autism 



Analgesia 



Nociception 



ND *» not determined 
•Bischoff S et al. 
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List of Abbreviations 
[0441] 7 facial n 
[0442] ac anterior commisure 
[0443] Acb accumbcns n 
[0444] ACo anterior cortical amygdaloid n 
[0445] AI agranular insular cortex 
[0446] AON anterior olfactory n 
[0447] APir am ygdalop inform transition area 
[0448] APT anterior pretectal n 
[0449] Arc arcuate hypothalamic n 
[0450] BLA basolateral amygdaloid n 
[0451] CA1-3 Fields of Amnion's horn 
[0452] cc corpus callosum 
[0453] Cg cingulate cortex 
[0454] CeA central amygdaloid n 
[0455] CPU caudatc-putamcn 

[0456] DG dentate gyrus 

[0457] DLG dorsal lateral geniculate n 

[0458] DpMc deep mesencephalic n 

[0459] Ent entorhinal cortex 

[0460] Gi gigantocellular reticular n 

[0461] Gr granule ell layer, cerebellum 

[0462] GrO granule layer olf. bulb 

[0463] FrA frontal association cortex 

[0464] GP globus pallidus 

[0465] HDB horizontal diagonal band 

[0466] LA lateral amygdaloid n 

[0467] LII lateral hypothalamus 

[0468] LO lateral orbital cortex 

[0469] LV lateral ventricle 

[0470] Ml primary motor cortex 

[0471] MeAD medial amygdaloid n, anterodorsal 

[0472] MG medial geniculate 

[0473] MI lb medial habenular n 

[0474] MPO medial preoptic n 

[0475] PC Purkinje cell layer of the cerebellum 

[0476] PF parafascicular n 

[0477] Pir piriform cortex 

[0478] PMCO posteromedial cortical amygdaloid n 

[0479] Pr prepositus n 

[0480] PVA paraventricular thalamic n 

[0481] RS rctrosplcnial cortex 

[0482] S subiculum 



[0483] SFi septofimbrial n 

[0484] SI substantia innominata 

[0485] SNc substantia nigra,compact 

[0486] STh subthalamic n 

[0487] Sp5 spinal trigeminal n 

[0488] TT tenia tecta 

[0489] Ve vestibular n 

[0490] VTA ventral tegmental area 

Potential llierapeutic Application for GABA B 
Agonists and Antagonists 

Agonists 

Antinociception 

[0491] A potential GABA B agonist application may in 
antinociception.- The inhibitory effects of GAB A and 
GABA agonists arc thought to be predominantly a presyn- 
aptic mechanism on excitation- induced impulses in high 
threshold Ad and C fibers on primary affc rents. This effect 
can be blocked by GABA B antagonists (Hao,J- H., et al., 
1994). Baclofen's spinal cord analgesic effects have been 
well documented in the rat, though it has not been as 
effective in human. However, baclofen has been successful 
in the treatment of trigeminal neuralgia in human. 

[0492] The localization of the GABA B R2 mRNA in the 
superficial layers of the spinal cord dorsal horn, the termi- 
nation site for primary afferents, as well as their cells of 
origin in the dorsal root and trigeminal ganglia position the 
GABA B R1/R2 receptor appropriately for mediating the ago- 
nist effects. 

Drug Addiction 

[0493] It has been suggested that GABA agonists may 
have some potential in the treatment of cocaine addiction. A 
role for the action of psychostimulants in the mcsoaccum- 
bens dopamine system is well established. The ventral 
pallidum receives a GABAergic projection from the nucleus 
a ecu m bens and both regions contain GABA B R2 transcripts. 
GABA receptors were shown to have an inhibitory effect on 
dopamine release in the ventral pallidum. Phaclofen acting 
at these receptors resulted in increased dopamine release and 
baclofen was shown to attenuate the reinforcing effects of 
cocaine. (Roberts, D. C. S., et ai.,199rt; Morgan.A. E. et al.) 

Micturition 

[0494] There is a potential application for GABA B ago- 
nists in the treatment of bladder dysfunction. Baclofen has 
been used in the treatment of detrussor hyperreflexia through 
inhibition of contractile responses. In addition to a periph- 
eral site of action for GABA B agonists, there is also the 
possibility for a central site. The pontine micturition center 
in the brainstem is involved in mediating the spinal reflex 
pathway, via Onuf's nucleus in the sacral spinal cord. 
Support for possible application of GABA B agonists in the 
treatment of bladder dysfunction may be augmented by 
presence of GABA B R2 mRNA in the various nuclei 
involved in the control of the lower urinary tract function. 
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Antagonists 

Memory Enhancement — Alzheimer's Disease 

[0495] GABA B antagonists may have a potential applica- 
tion in the treatment of Alzheimer's Disease. The blockade 
of GABA B receptors might lead to signal amplification and 
improvement in cognitive functions resulting from an 
increased excitability of cortical neurons via amplification of 
the iicelyeholine signal. Additionally, memory may be 
enhanced by GABA B antagonists which have been shown to 
suppress late IPSPs, thus facilitating long-term potentiation 
in the hippocampus (see Table 3). 

[0496] To support this idea, CGP36742, a GABA B antago- 
nist, has been shown to improve learning performance in 
aged rats as well as the performance of rhesus monkeys in 
conditioned spatial color task. (Mondadori, C. et al., 1993). 
The significance of the GABA B R1/R2 receptor in cognitive 
functioning might be indicated by the presence of 
GABA B R2 raRNA in the cerebral cortex and its codislribu- 
tion in the ventral forebrain with corlically projecting cho- 
linergic neurons as well as its localization in the pyramidal 
cells in all regions of Amnion's horn and dentate gyrus in the 
hippocampus. 
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SEQUENCE LISTING 



<160> NUMBER OF SEQ ID NOS : 55 

<210> SEQ ID NO 1 

<211> LENGTH: 3244 

<212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<400> SEQUENCE: 1 



tgacctcggg 


gcaggtcctg 


gtgcagagcg 


tegecaagga 


cgecgagagg 


gaggegggat 


60 


tgcccagaca 


•tcct-tcagcg 


aagtgcatgt 


gtgtttgtaa 


accatcgttg 


gctgtcggga 


120 


gaecgegagg 


accggtccag 


getgeggegg 


agtcgagggc 


gagggagagg 


ccgcgtgagt 


180 


gagcagag-kc 


cagagcegtg 


cgcccccaga 


actgcgcgtc 


cgccccgtgc 


acccccgcgc 


240 


gccatgccca 


gttgccccgc 


gcgctctgct 


acgggcccgc 


tctccatcat 


gggcctcatg 


300 


ccgctcacca 


aggaggtggc 


caagggcagc 


ategggegeg 


gtgtgctccc 


cgccgtggaa 


360 


ctggccatcg 


agcagatccg 


caacgagtca 


ctcctgcgcc 


cctacttcct 


cgacctgcgg 


420 


ctctatgaca 


eggagtgega 


caaegcaaaa 


gggttgaaag 


ccttctacga 


tgcgataaaa 


480 


taegggcega 


accacttgat 


ggtgtttgga 


ggcgtctgtc 


catccgtcac 


atccatcatt 


540 


gcagagtccc 


tccaaggctg 


gaatctggtg 


cagctttctt 


ttgetgeaac 


cacgcctgtt 


600 
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ctagccgata 


agaaaaaata 


cccttatttc 


tttcggaccg 


tcccatcaga 


caatgcggtg 


660 


aatccagcca 


ttctgaagtt 


gctcaagcac 


taccagtgga 


agcgcgtggg 


cacgctgacg 


720 


caagocgttc 


agaggttctc 


tgaggtgcgg 


aatgacctga 


ctggagttct 


gtatggcgag 


780 


gacattgaga 


tttcagacac 


cgagagcttc 


tccaacgatc 


cctgtaccag 


tgtcaaaaag 


840 


ctgaagggga 


atgatgtgcg 


gatcatcctt 


ggccagtttg 


accagaatat 


ggcagcaaaa 


900 


gtgttctgtt 


g-tgcatacga 


ggagaaca-tg 


tatggtagta 


aatatcagtg 


gatcattccg 


960 


ggctggtacg 


agccttcttg 


gtgggagcag 


gtgcacacgg 


aagccaactc 


a-tcccgctgc 


1020 


ctccggaaga 


atctgcttgc 


tgccatggag 


ggctacattg 


gcgtggattt 


cgagcccctg 


1080 


agctccaagc 


agatcaagac 


catctcagga 


aagactccac 


agcagtatga 


gagagagtac 


1140 


aacaacaagc 


ggtcaggcgt 


ggggcccagc 


aagttccacg 


ggtacgccta 


cgatggcatc 


1200 


tgggtcatcg 


ccaagacact 


gcagagggcc 


a-tggagacac 


tgcatgccag 


cagccggcac 


1260 


cagcggatcc 


aggacttcaa 


ctacacggac 


cacacgctgg 


gcaggatcat 


cctcaatgcc 


1320 


atgaacgaga 


ccaacttctt 


cggggtcacg 


ggtcaagttg 


tattccggaa 


tggggagaga 


1380 


atggggacca 


ttaaatttac 


tcaatttcaa 


gacagcaggg 


aggtgaaggt 


gggagagtac 


1440 


aacgctgtgg 


ccgacacact 


ggagatcatc 


aatgacacca 


tcaggttcca 


aggatccgaa 


1500 


ccaccaaaag 


acaagaccat 


catcctggag 


cagctgcgga 


agatctccct 


acctctctac 


1560 


agcatcctct 


ctgccctcac 


catcctcggg 


atgatcatgg 


ccagtgcttt 


tctcttcttc 


1620 


aacatcaaga 


accggaatca 


gaagctcata 


aagatgtcga 


gtccatacat 


gaacaacctt 


1680 


atcatccttg 


gagggatgct 


ttcctatgct 


tccatatttc 


tctttggcct 


tgatggatcc 


1740 


tttgtctctg 


aaaagacctt 


tgaaacactt 


tgcaccgtca 


ggacctggat 


tctcaccgtg 


1800 


ggctacacga 


ccgcttttgg 


ggccatgttt 


gcaaagacct 


ggagagtcca 


cgccatcttc 


1860 


aaaaatgtga 


aaatgaagaa 


gaagatcatc 


aaggaccaga 


aactgcttgt 


gatcgtgggg 


1920 


ggcatgctgc 


tgatcgacct 


gtgtatcctg 


atctgctggc 


aggctgtgga 


ccccctgcga 


1980 


aggacagtgg 


agaagtacag 


catggagccg 


gacccagcag 


gacgggatat 


ctccatccgc 


2040 


cctctcctgg 


agcactgtga 


gaacacccat 


atgaccatct 


ggcttggcat 


cgtctatgcc 


2100 


tacaagggoc 


ttctcatgtt 


gttcggttgt 


ttcttagctt 


gggagacccg 


caacgtcagc 


2160 


atccccgcac 


tcaacgacag 


caagtacatc 


gggatgagtg 


tctacaacgt 


ggggatcatg 


2220 


tgcatcatcg 


gggccgctgt 


ctccttcctg 


acccgggacc 


agcccaatgt 


gcagttc-tgc 


2280 


a-tcgtggctc 


tggtcatcat 


cttctgcagc 


accatcaccc 


tctgcctggt 


attcgtgccg 


2340 


aagctcatca 


ccctgagaac 


aaacccagat 


gcagcaacgc 


agaacaggcg 


attccagttc 


2400 


actcagaatc 


agaagaaaga 


agattctaaa 


acgtccacct 


cggtcaccag 


tgtgaaccaa 


2460 


gccagcacat 


cccgcctgga 


gggcctacag 


tcagaaaacc 


atcgcctgcg 


aatgaagatc 


2520 


acagagctgg 


ataaagactt 


ggaagaggtc 


accatgcagc 


tgcaggacac 


accagaaaag 


2580 


accacctaca 


ttaaacagaa 


ccactaccaa 


gagctcaatg 


acatcctcaa 


cctgggaaac 


2640 


ttcactgaga 


gcacagatgg 


aggaaaggcc 


attttaaaaa 


atcacctcga 


tcaaaatccc 


2700 


cagctacagt 


ggaacacaac 


agagccctct 


cgaacatgca 


aagatcctat 


agaagatata 


2760 


aactctccag 


aacacatcca 


gcgtcggctg 


tccctccagc 


tccccatcct 


ccaccacgcc 


2820 


tacctcccat 


ccatcggagg 


cgtggacgcc 


agctgtgtca 


gcccctgcgt 


cagccccacc 


2880 
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gccagccccc gccacagaca tgtgccaccc 


tccttccgag 


tcatggtctc gggcctgtaa 


2940 


gggtgggagg cctgggcccg gggcctcccc 


cgtgacagaa 


ccacactggg cagaggggtc 


3000 


tgctgcagaa acactgtcgg ctctggctgc 


ggagaagctg 


ggcaccatgg c 


tggcctctc 


3060 


aggaccactc ggatggcact caggtggaca 


ggacggggca 


gggggagact tggcacctga 


3120 


cctcgagcct tatttgtgaa gtccttattt 


cttcacaaag 


aagaggaacg gaaatgggac 


3180 


gtctteetta acatctgcaa acaaggaggc 


gctgggatat 


caaacttgca aaaaaaaaaa 


3240 


aaaa 




















3244 


<210> SEQ ID NO 2 

<211> LENGTH: 898 

<212> TYPE: PRT 

<213> ORGANISM: Homo Sapiens 




















<4 00> SEQUENCE: 2 




















Met Pro 
1 


Ser Cys Pro Ala Arg Ser 
5 


Ala 


Thr 

10- 


Gly 


Pro 


Leu 


Ser 


He 
15 


Met 




Gly Leu 


Met Pro Leu Thr Lys Glu 
20 


Val 

25 


Ala 


Lye 


Gly 


Ser 


He 
30 


Gly 


Arg 




Gly Val 


Leu Pro Ala Val Glu Leu 
35 4 0 


Ala 


lie 


Glu 


Gin 


He 
45 


Arg 


Asn 


Glu 




Ser Leu 

5 0 


Leu Arg Pro Tyr Phe Leu 
55 


Asp 


Leu 


Arg 


Leu 
60 


Tyr 


Asp 


Thr 


Glu 




Cye Asp 
65 


Asn Ala Lys Gly Leu Lys 
70 


Ala 


Phe 


Tyr 

75 


Asp 


Ala 


He 


Lys 


Tyr 

80 




Gly Pro 


Asn His Leu Met Val Phe 
85 


Gly 


Gly 
90 


Val 


Cys 


Pro 


Ser 


Val 
95 


Thr 




Ser lie 


lie Ala Glu Ser Leu Gin 
100 


Gly 
105 


Trp 


Asn 


Leu 


Val 


Gin 
110 


Leu 


Ser 




Phe Ala 


Ala Thr Thr Pro Val Leu 
115 120 


Ala 


Asp 


Lys 


Lys 


Lys 
125 


Tyr 


Pro 


Tyr 




Phe Phe 
130 


Arg Thr Val Pro Ser Asp 
135 


Asn 


Ala 


Val 


Asn 
140 


Pro 


Ala 


He 


Leu 




Lys Leu 
145 


Leu Lys His Tyr Gin Trp 
150 


Lys 


Arg 


Val 

155 


Gly 


Thr 


Leu 


Thr 


Gin 
160 




Asp Val 


Gin Arg Phe Ser Glu Val 
165 


Arg 


Asn 
170 


Asp 


Leu 


Thr 


Gly Val 
175 


Leu 




Tyr Gly 


Glu Asp lie Glu lie Ser 
180 


Asp 
185 


Thr 


Glu 


Ser 


Phe 


Ser 
190 


Asn 


Asp 




Pro Cys 


Thr Ser val Lys Lys Leu 
195 200 


Lys 


Gly Asn 


Asp 


Val 

205 


Arg 


He 


He 




Leu Gly 
210 


Gin Phe Asp Gin Asn Met 
215 


Ala 


Ala 


Lys 


Val 
220 


Phe 


Cys 


Cys 


Ala 




Tyr Glu 
225 


Glu Asn Met Tyr Gly Ser 
230 


Lys 


Tyr 


Gin 
235 


Trp 


He 


He 


Pro 


Gly 
240 




Trp Tyr 


Glu Pro Ser Trp Trp Glu 
245 


Gin 


Val 
250 


His 


Thr 


Glu 


Ala 


A&n 
255 


Ser 




Ser Arg 


Cys Leu Arg Lys Asn Leu 
260 


Leu 
265 


Ala 


Ala 


Met 


Glu 


Gly Tyr 
270 


He 




Gly Val 


Asp Phe Glu Pro Leu Ser 
275 280 


Ser 


Lys 


Gin 


He 


LyB 
285 


Thr 


He 


Ser 
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Gly Lys Thr Pro Gin Gin Tyr Glu Arg Glu Tyr Asn Asn Lys Arg Ser 
290 295 300 

Gly Val Gly Pro Ser Lys Phe Hie Gly Tyr Ala Tyr Asp Gly He Trp 
305 310 315 320 

Val He Ala Lys Thr Leu Gin Arg Ala Met Glu Thr Leu His Ala Ser 
325 330 335 

Ser Arg His Gin Arg He Gin Aep Phe Asn Tyr Thr Asp His Thr Leu 
340 345 350 

Gly Arg He He Leu Asn Ala Met Asn Glu Thr Asn Phe Phe Gly Val 
355 360 365 

Thr Gly Gin Val Val Phe Arg Asn Gly Glu Arg Met Gly Thr He Lye 
370 375 380 

Phe Thr Gin Phe Gin Asp Ser Arg Glu Val Lys Val Gly Glu Tyr Asn 
385 390 395 400 

Ala Val Ala Asp Thr Leu Glu He He Asn Asp Thr He Arg Phe Gin 
405 410 415 

Gly Ser Glu Pro Pro Lys Asp Lys Thr He He Leu Glu Gin Leu Arg 
420 425 430 

LyB.Ile Ser Leu Pro Leu Tyr Ser He Leu Ser Ala Leu Thr He Leu 
V J 435 440 445 

Gly Met He Met Ala Ser Ala Phe Leu Phe Phe Asn He Lys Asn Arg 
450 455 460 

Aen Gin Lys Leu He Lys Met Ser Ser Pro Tyr Met Asn Asn Leu He 
465 470 475 480 

He Leu Gly Gly Met Leu Ser Tyr Ala Ser He Phe Leu Phe Gly Leu 
485 490 495 

Asp Gly Ser Phe Val Ser Glu Lye Thr Phe Glu Thr Leu Cys Thr Val 
500 505 510 

Arg Thr Trp He Leu Thr Val Gly Tyr Thr Thr Ala Phe Gly Ala Met 
515 520 525 

Phe Ala Lys Thr Trp Arg Val His Ala He Phe Lys Asn Val Lys Met 
530 535 540 

Lye Lys Lys He He Lys Asp Gin Lye Leu Leu Val He Val Gly Gly 
545 550 555 560 

Met Leu Leu He Asp Leu Cys He Leu He Cys Trp Gin Ala Val Asp 
565 570 . 575 

Pro Leu Arg Arg Thr Val Glu Lys Tyr Ser Met Glu Pro Asp Pro Ala 
580 585 590 

Gly Arg Asp He Ser He Arg Pro Leu Leu Glu His Cys Glu Asn Thr 
595 600 605 

His Met Thr He Trp Leu Gly He Val Tyr Ala Tyr Lys Gly Leu Leu 
610 615 620 

Met Leu Phe Gly Cys Phe Leu Ala Trp Glu Thr Arg Asn Val Ser He 
625 630 635 640 

Pro Ala Leu Asn Asp Ser Lys Tyr He Gly Met Ser Val Tyr Asn Val 
645 650 655 

Gly He Met Cys He He Gly Ala Ala Val Ser Phe Leu Thr Arg Asp 
660 665 670 

Gin Pro Asn Val Gin Phe CyB lie Val Ala Leu Val He He Phe Cys 
675 680 685 

Ser Thr He Thr Leu Cys Leu Val Phe Val Pro Lys Leu He Thr Leu 
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Arg Thr Asn Pro Asp Ala Ala Thr Gin Asn Arg Arg Phe Gin Phe Thr 
705 710 715 720 

Gin Asn Gin Lys Lys Glu Asp Ser Lys Thr Ser Thr Ser Val Thr Ser 
725 730 735 

Val Asn Gin Ala Ser Thr Ser Arg Leu Glu Gly Leu Gin Ser Glu Asn 
740 745 750 

Hie Arg Leu Arg Met Lys He Thr Glu Leu Asp Lys Asp Leu Glu Glu 
755 760 765 

Val Thr Met Gin Leu Gin Asp Thr Pro Glu Lys Thr Thr Tyr He Lys 
770 775 780 

Gin Asn His Tyr Gin Glu Leu Asn Asp He Leu Asn Leu Gly Asn Phe 
785 790 795 800 

Thr Glu Ser Thr Asp Gly Gly Lye Ala He Leu Lys Aen His Leu Asp 
805 810 815 

Gin Asn Pro Gin Leu Gin Trp Asn Thr Thr Glu Pro Ser Arg Thr Cys 
820 825 830 

Lys Asp Pro He Glu Aep He Asn Ser Pro Glu His He Gin Arg Arg 
835 840 845 

Leu Ser Leu Gin Leu Pro He Leu His His Ala Tyr Leu Pro Ser He 
850 . 855 860 

Gly Gly Val Asp Ala Ser Cys Val Ser Pro Cys Val Ser Pro Thr Ala 
865 870 875 880 

Ser Pro Arg His Arg His Val Pro Pro Ser Phe Arg Val Met Val Ser 
885 890 895 

Gly Leu 

<210> SEQ ID NO 3 

<211> LENGTH: 282 3 

<212> TYPE: DNA 

<213> ORGANISM: Rattus Sp . 

<4 00> SEQUENCE: 3 

atggcttccc cgccgagctc cgggcagccc cggccgccgc cgccgccgcc gccgcccgcg 60 

cgcctgctgc tgcccctgct gctgtcgctg ctgctgtggt tggcgcccgg ggcctggggc 120 

tggacgcggg gcgccccccg gccgccgecc agcagcccgc cgctctccat catgggcctc 180 

atgccgctca ccaaggaggt ggccaagggc agcatcgggc gcggcgtgct ccccgccgtg 240 

gagctagcca tcgagcagat ccgcaacgag tcactcctgc gcccctactt cctggacctg 300 

cgactctatg acaccgagtg tgacaatgca aagggactga aagccttcta tgacgcaata 360. 

aagtatgggc cgaaccattt gatggtgttt ggaggcgtct gtccgtctgt cacatctatt 420 

atcgcggagt ccctccaagg ctggaatctg gtgcagcttt ccttcgccgc caccacgcct 480 

gttcttgcgg ataagaagaa gtacccgtat ttcttccgga cggtgccgtc agacaacgcg 54 0 

gtgaaccccg ccatcctgaa gctcctgaag cacttccgct ggcggcgtgt gggcacactc 600 

acgcaggacg tgcagcgctt ctccgaggtg aggaatgacc tgactggggt tctgtatggg 660 

gaagatattg agatctcaga cacagagagt ttctccaatg atccctgcac cagcgtcaaa 720 

aagctcaagg ggaatgacgt gcggatcatc cttggccagt ttgaccagaa tatggcagca 780 

aaagtcttct gttgtgcctt cgaggagagc atgtttggca gcaagtacca gtggatcatc 840 



US 2002/0156265 Al 



44 



Oct. 24, 2002 



-continued 



ccgggatggt 


acgagcctgc 


gtggtgggag 


caggtgcatg 


tggaggccaa 


ttcctcacgc 


900 


tgcctgcgca 


geagcctcct 


ggctgccatg 


gaaggttaca 


tcggagtgga 


ct-ttgagccc 


960 


ctgagctcca 


aacaaatcaa 


gaccatctca 


gggaagactc 


cacagcagta 


tgaaagagag 


1020 


tacaacagca 


aacgttcagg 


cgtggggccc 


agcaagttcc 


atgggtacgc 


ctacgatggg 


1080 


atctgggtca 


tcgccaagac 


cctacagagg 


gccatggaga 


cactgcatgc 


cagtagcagg 


1140 


caccagcgga 


tccaggactt 


caactacaca 


gaccacacgc 


■tgggcaaaat 


catcctcaat 


1200 


gccatgaacg 


agaccaactt 


cttcggggtc 


acgggtcaag 


ttgtgttccg 


gaacggggag 


1260 


agaatgggaa 


ccattaaatt 


tactcaattt 


caagacagca 


gagaggtgaa 


ggtcggcgaa 


1320 


•tacaacgcgg 


tggctgacac 


actggagatc 


atcaatgaca 


ccataaggtt 


ccaggggtcc 


1380 


gagccaccca 


aggacaagac 


ca-tcattctg 


gagcagcttc 


ggaagatctc 


gcttccactg 


1440 


tatagcatcc 


tgtccgctct 


caccatcctc 


ggcatgatca 


tggccagcgc 


cttcctcttc 


1500 


ttcaacatca 


agaaccggaa 


ccaaaagctg 


attaagatgt 


caagccccta 


catgaacaac 


1560 


ctcatcatcc 


tgggaggaat 


gctgtcctat 


gcatccatct 


tcctctttgg 


cctcgatggg 


1620 


tccttcgtct 


cagaaaagac 


ctttgaaaca 


ctctgcacgg 


tccggacctg 


gattctcacc 


1680 


gtgejgctaca 


caactgcctt 


tggggccatg 


tttgcaaaga 


cctggagggt 


ccatgccatc 


1740 


ttcaaaaatg 


tgaagatgaa 


gaagaagatc 


atcaaagacc 


agaagctgct 


tgtgattgtg 


1800 


gggggca-tgc 


tgctcatcga 


cctgtgcatc 


ctgatctgtt 


ggcaggctgt 


ggaccccctg 


1860 


cggaggacag 


tagagaggta 


cagcatggag 


ccggacccag 


caggccggga 


catctccatc 


1920 


cgcccattgc 


tggaacactg 


cgaaaacacc 


cacatgacca 


tctggcttgg 


cattgtctac 


1980 


gcctacaagg 


ggctcctcat 


gctattcggt 


tgtttcttgg 


catgggaaac 


ccgcaatgtg 


2040 


agcatccctg 


ccctcaacga 


cagcaagtac 


atcggcatga 


gtgtgtacaa 


tgtggggatc 


2100 


atgtgcatca 


tcggggctgc 


tg-tctccttc 


ctgacgcgtg 


accagcccaa 


cgtgcagttc 


2160 


tgcatcgtgg 


ccctggtcat 


catcttctgc 


agcaccatca 


ctctctgcct 


ggtgtttgtg 


2220 


ccaaogctca 


ttactctgag 


gacaaaccct 


gacgcagcca 


ctcagaacag 


gcggttccag 


2280 


ttcacacaga 


accagaagaa 


agaagattcg 


aagacctcca 


cttcagtcac 


cagcgtgaac 


2340 


caggcgagca 


cgtcacgcct 


ggagggactg 


cagtcagoaa 


accaccgcct 


tcgaatgaag 


2400 


atcacagagc 


tggacaaaga 


cttggaagaa 


gtcaccatgc 


agctacaaga 


cacaccagag 


2460 


aagaccacat 


acatcaoaca 


gaatcactac 


caagagctca 


acgacatcct 


cagcttgggc 


2520 


aacttcacag 


agagcacaga 


tggaggaaag 


gccattctaa 


aaaatcacct 


cgatcaaaac 


2580 


ccccagctcc 


agtggaacac 


gacagagccc 


tcaagaacat 


gcaaagaccc 


catagaagac 


2640 


atcaactccc 


cggagcacat 


ccagcgccgg 


ctgtcgctcc 


agctccccat 


ccttcaccac 


2700 


gcctacctcc 


catccatcgg 


aggcgtggat 


gccagctgcg 


tcagcccctg 


tgtcagccct 


2760 


accgccagcc 


ctcgccacag 


acacgtacca 


ccctccttcc 


gag-tcatggt 


ctcgggcctg 


2820 


tag 












2823 



<210> SEQ ID NO 4 

<211> LENGTH : 92 9 

<212> TYPE: PRT 

<213> ORGANISM: Rattue Sp. 



<4 00> SEQUENCE: 4 
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Met Ala Ser Pro Pro Ser Ser Gly Gin Pro Arg Pro Pro Pro Pro Pro 
15 10 15 

Pro Pro Pro Ala Arg Leu Leu Leu Pro Leu Leu Leu Ser Leu Leu Leu 
20 25 30 

Trp Leu Ala Pro Gly Ala Trp Gly Trp Thr Arg Gly Ala Pro Arg Pro 
35 40 45 

Pro Pro Ser Ser Pro Pro Leu Ser He Met Gly Leu Met Pro Leu Thr 
50 55 60 

Lys Glu Val Ala Lys Gly Ser He Gly Arg Gly Val Leu Pro Ala Val 
65 70 75 80 

Glu Leu Ala He Glu Gin lie Arg Asn Glu Ser Leu Leu Arg Pro Tyr 
85 90 95 

Phe Leu Aep Leu Arg Leu Tyr Asp Thr Glu Cys Asp Asn Ala Lys Gly 
100 105 110 

Leu Lys Ala Phe Tyr Asp Ala He Lys Tyr Gly Pro Asn His Leu Met 
115 120 125 

Val Phe Gly Gly Val Cye Pro Ser Val Thr Ser He He Ala Glu Ser 
130 135 140 

Leu Gin Gly Trp Asn Leu Val Gin Leu Ser Phe Ala Ala Thr Thr Pro 
145 150 155 160 

Val Leu Ala Asp Lys Lys Lys Tyr Pro Tyr Phe Phe Arg Thr Val Pro 
165 170 175 

Ser Asp Asn Ala Val Asn Pro Ala He Leu Lys Leu Leu Lys His Phe 
180 185 190 

Arg Trp Arg Arg Val Gly Thr Leu Thr Gin Asp Val Gin Arg Phe Ser 
195 200 205 

Glu Val Arg Asn Asp Leu Thr Gly Val Leu Tyr Gly Glu Asp He Glu 
210 215 220 

He Ser Asp Thr Glu Ser Phe Ser Asn Asp Pro Cys Thr Ser Val Lys 
225 230 235 240 

Lys Leu Lyo Gly Asn Aep Val Arg He He Leu Gly Gin Phe Asp Gin 
245 250 255 

Asn Met Ala Ala Lys Val Phe Cys Cys Ala Phe Glu Glu Ser Met Phe 
260 265 270 

Gly Ser Lys Tyr Gin Trp He He Pro Gly Trp Tyr Glu Pro Ala Trp 
275 280 285 

Trp Glu Gin Val His Val Glu Ala Asn Ser Ser Arg Cys Leu Arg Arg 
290 295 300 

Ser Leu Leu Ala Ala Met Glu Gly Tyr He Gly Val Asp Phe Glu Pro 
305 310 315 320 

Leu Ser Ser Lys Gin He Lys Thr He Ser Gly Lys Thr Pro Gin Gin 

325 330 335 

Tyr Glu Arg Glu Tyr Asn Ser Lys Arg Ser Gly Val Gly Pro Ser Lys 
340 345 . 350 

Phe His Gly Tyr Ala Tyr Asp Gly He Trp Val He Ala Lys Thr Leu 
. 355 360 365 

Gin Arg Ala Met Glu Thr Leu His Ala Ser Ser Arg His Gin Arg He 
370 375 380 

Lys He He Leu Asn Ala Met Asn Glu Thr Asn Phe Phe Gly Val Thr 
385 390 395 400 



Gly Gin Val Val Phe Arg Asn Gly Glu Arg Met Gly Thr He Lys 



Phe 
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405 



410 



415 



Thr Gin Phe Gin Asp Ser Arg Glu Val Lys Val Gly Glu Tyr Asn Ala 
420 425 430 

Val Ala Asp Thr Leu Glu He He Abr Asp Thr He Arg Phe Gin Gly 
435 440 445 

Ser Glu Pro Pro Lys Asp Lys Thr He He Leu Glu Gin Leu Arg Lys 
450 455 460 

He Ser Leu Pro Leu Tyr Ser He Leu Ser Ala Leu Thr He Leu Gly 
465 470 475 480 

Met He Met Ala Ser Ala Phe Leu Phe Phe Asn He Lys Abh Arg Asn 
485 490 495 

Gin Lys Leu He Lys Met Ser Ser Pro Tyr Met Asn Asn Leu He He 
500 505 510 

Leu Gly Gly Met Leu Ser Tyr Ala Ser He Phe Leu Phe Gly Leu Asp 

515 520 525 

Gly Ser Phe Val Ser Glu Lys Thr Phe Glu Thr Leu Cys Thr Val Arg 
530 535 540 

Thr Trp He Leu Thr Val Gly Tyr Thr Thr Ala Phe Gly Ala Met Phe 
545 550 555 560 

Ala Lys Thr Trp Arg Val His Ala He Phe Lys Asn Val Lys Met Lye 
565 570 575 

Lys Lys He He Lys Asp Gin Lys Leu Leu Val He Val Gly Gly Met 
580 585 590 

Leu Leu He Asp Leu Cys He Leu He Cys Trp Gin Ala Val Asp Pro 
595 600 605 

Leu Arg Arg Thr Val Glu Arg Tyr ser Met Glu Pro Asp Pro Ala Gly 
610 615 620 

Arg Asp He Ser He Arg Pro Leu Leu Glu His Cys Glu Asn Thr His 
625 630 635 640 

Met Thr He Trp Leu Gly He Val Tyr Ala Tyr Lys Gly Leu Leu Met 
645 650 655 

Leu Phe Gly Cye Phe Leu Ala Trp Glu Thr Arg Asn Val Ser He Pro 
660 665 670 

Ala Leu Asn Asp Ser Lys Tyr He Gly Met Ser Val Tyr Asn Val Gly 
675 680 685 

He Met Cys He He Gly Ala Ala Val Ser Phe Leu Thr Arg Asp Gin 
690 695 700 

Pro Asn Val Gin Phe Cys He Val Ala Leu Val He He Phe Cys Ser 
705 710 715 720 

Thr He Thr Leu Cys Leu Val Phe Val Pro Lys Leu He Thr Leu Arg 
725 730 735 

Thr Asn Pro Asp Ala Ala Thr Gin Asn Arg Arg Phe Gin Phe Thr Gin 
740 745 750 

Asn Gin Lys Lys Glu Asp Ser Lys Thr Ser Thr Ser Val Thr Ser Val 

755.' 760 765 

Asn Gin Ala Ser Thr Ser Arg Leu Glu Gly Leu Gin Ser Glu Asn His 
770 775 780 

Arg Leu Arg Met Lys He Thr Glu Leu Asp Lys Asp Leu Glu Glu Val 
785 790 795 800 

Thr Met Gin Leu Gin Asp Thr Pro Glu Lys Thr Thr Tyr lie Lys Gin 



8 05 



810 



815 
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Asn His Tyr Gin Glu 
820 

Glu Ser Thr Asp Gly 
835 

Asn Pro Gin Leu Gin 
850 

Asp Pro lie Glu Asp 
865 

Ser Leu Gin Leu Pro 
885 

Gly Val Asp Ala Ser 
900 

Pro Arg His Arg His 
915 

Leu 



Leu Asn Asp lie Leu Ser 
825 

Gly Lys Ala lie Leu Lye 
840 

Trp Asn Thr Thr Glu Pro 
855 

lie Asn Ser Pro Glu His 
870 875 

lie Leu His His Ala Tyr 
890 

Cys Val Ser Pro Cys Val 
905 

Val Pro Pro Ser Phe Arg 
920 



Leu Gly Asn Phe Thr 
830 

Asn Kis Leu Asp Gin 
845 

Ser Arg Thr Cys Lys 
860 

lie Gin Arg Arg Leu 
880 

Leu Pro Ser lie Gly 
895 

Ser Pro Thr Ala Ser 
910 

Val Met Val Ser Gly 
925 



<210> SEQ ID NO 5 
<211> LENGTH: 45 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<400> SEQUENCE: 5 

agggatgctt tcctatgctt ccatatttct ctttggcctt gatgg 



<210> SEQ ID NO 6 
<211> LENGTH: 45 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 6 

caatgtgcag ttctgcatcg tggctctggt catcatcttc tgcag 



<210> SEQ ID NO 7 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 7 
cttctaggcc tgtacggaag tgtt 



<210> SEQ ID NO 8 
<211> LENGTH: 26 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<22 3> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 8 
gttgtggttt gtccaaactc atcaat 



<210> SEQ ID NO 9 
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<211> LENGTH : 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<4 00> SEQUENCE: 9 
gggatgagtg tctacaacgt gggg 



<210> SEQ ID NO 10 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<4 00> SEQUENCE: 10 

tgcgttgctg catctgggtt tgttct 2 6 



<210> SEQ ID NO 11 

<2U> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<4 00> SEQUENCE: 11 

atctccctac ctctctacag catcct 2 6 



<210> SEQ ID NO 12 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<4 00> SEQUENCE: 12 

caggtcctga cggtgcaaag tgtttc .2 6 



<210> SEQ ID NO 13 
<211> LENGTH: 26 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 0O> SEQUENCE: 13 

tgacgcaaga cgttcagagg ttctct 26 



<210> SEQ ID NO 14 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: Primer 

<4 00> SEQUENCE: 14 

tgtagccttc catggcagca agcaga 2 6 



<210> SEQ ID NO 15 
<211> LENGTH: 26 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
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<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 15 
agagaacctc tgaacgtctt gcgtca 



<210> SEQ ID NO 16 
<211> LENGTH: 26 
<212> TYPE: DMA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 16 
ggctctgttg tgttccactg tagctg 



<210> SEQ ID NO 17 
<211> LENGTH: 26 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> t FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<400> SEQUENCE: 17 

tcatgccgct caccaaggag gtggcc 2 6 



<210> SEQ ID NO 18 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400> SEQUENCE: 18 

ggccacctcc ttggtgagcg gcatga 26 



<210> SEQ ID NO 19 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 19 

tgagtgagca gagtccagag ccgt 2 4 



<210> SEQ ID NO 20 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<4 00> SEQUENCE: 20 

atggatggga ggtaggcgtg gtggag 26 



<210> SEQ ID NO 21 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 



<4 00> SEQUENCE: 21 
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ctctctgccc tcaccatcct cgggat 26 



<210> SEQ ID NO 22 
<211> LENGTH: 26 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 22 

gactccggct cgaataccag gcagag 26 



<210> SEQ ID NO 23 
<211> LENGTH: 27 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 2 3 

ccatgtttgc aaagacctgg agggtcc 27 



<210> SEQ ID NO 2 4 
<211> LENGTH: 27 
<212> TYPE: DNA 

<:213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<2 2 3> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 2 4 

ggtcacgcgt caggaaagag acagcag 27 



<210> SEQ ID NO 25 
<211> LENGTH: 25 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<:220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 25 

aagcttctag agatccctcg acctc * 25 



<210> SEQ ID NO 2 6 
<211> LENGTH: 25 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 2 6 

aggcgcagaa ctggtaggto tggaa 25 



<210> SEQ ID NO 27 
<211> LENGTH : 25 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: Primer 
<400> SEQUENCE: 27 

cttctaggcc tgtacggaag tgtta 25 



<210> SEQ ID NO 28 
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<211> LENGTH: 27 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<4 00> SEQUENCE: 2 8 

gttgtggttt gtccaaactc atcaatg 27 



<210> SEQ ID NO 2 9 
<211> LENGTH: 27 
<212> TYPE: DNA 

<213> ORGANISMS Artificial Sequence 
<2 20> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 29 

ctgctgtctc tttcctgacg cgtgacc 2 7 



<210> ( SEQ ID NO 3 0 
<211>" LENGTH: 59 
<212>' TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220>, FEATURE: 

<223>, OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 30 

ccaagcttct aatacgactc actatagggg agaccatggg cccgggggga ccctgtacc 59 



<210> SEQ ID NO 31 
<211> LENGTH: 63 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<400> SEQUENCE: 31 

tttttttttt tttttttttt tttttttttt tttttcactt gtaaagcaaa tgtactcgac 6 0 

tec 6 3 



<210> SEQ ID NO 32 
<211> LENGTH: 37 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 32 

cgcggatcca ttatgtctgc actccgaagg aaatttg 3 7 



<210> SEQ ID NO 3 3 
<211> LENGTH: 38 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 3 3 

cgegaattet tatgtgaagc gatcagagtt catttttc 3 8 



<210> SEQ ID NO 3 4 
<211> LENGTH: 34 
<212> TYPE: DNA 
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<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION; Description of Artificial Sequence: Primer 
<4 00> SEQUENCE: 3 4 

gcgggatccg ctatggctgg tgattctagg aatg 



<210> SEQ ID NO 35 

<211> LENGTH : 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400> SEQUENCE : 35 

ccggaattcc cctcacaccg agcccctgg 2 9 



<210> SEQ ID NO 36 
<211> LENGTH: 44 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 36 

gcaataaagt atgggctgao ccatttgatg gtgtttggag gcgt 4 4 



<210> SEQ ID NO 3 7 
<211> LENGTH: 44 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<400> SEQUENCE: 37 

acgcctccaa acaccatcaa atggttcagc ccatacttta ttgc 4 4 



<210> SEQ ID NO 3 8 
<211> LENGTH: 40 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<2 23> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<400> SEQUENCE: 3 8 

tttgagcccc tgagctccaa acaaatcaag accatctcag 40 



<210> SEQ ID NO 3 9 

<211> LENGTH: 40 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 3 9 

ctgagatggt cttgatttgt ttggagctca ggggctcaaa 4 0 



<210> SEQ ID NO 40 
<211> LENGTH: 43 
<212> TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 4 0 

aaggccatca acttcctgcc tgtggactat gagatcgaot atg 43 



<210> SEQ ID NO 4 1 
<211> LENGTH: 43 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artiiicial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 41 

catattcgat ctcatagtcc acaggcagga agttgatggc ctt 4 3 



<210> t SEQ ID NO 4 2 
<2 1 1> ' LENGTH : 38 
<212>'.TYPE: DNA 

<213>' ORGANISM: Artificial Sequence 
<2 20> , FEATURE : 

<223>. OTHER INFORMATION: Description of Artificial Sequence: 
1 Oligonucleotide Probe 

<4 00> SEQUENCE: 4 2 

tggccgctgc ctcttctgct ggtgatggcg gctggggt 3 8 



<210> SEQ ID NO 4 3 
<211> LENGTH: 38 
<212> TYPE: DNA 

c213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 4 3 

accccogccg ccatcaccag cagaagaggc agcggcca 38 



<210> SEQ ID NO 4 4 
<211> LENGTH: 45 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 4 4 

ccttggcttt ggccttgaac aagacgtctg gaggaggtgg tcgtt 4 5 



<210> SEQ ID NO 4 5 
<211> LENGTH: 4 5 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Oligonucleotide Probe 

<4 00> SEQUENCE: 4 5 

aacgaccacc tcctccagac gtcttgttca aggccaaagc caagg 45 



<210> SEQ ID NO 4 6 
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<211> LENGTH: 2826 

<212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<400> SEQUENCE: 4 6 



atggcttccc 


cgcggagctc 


cgggcagccc 


gggccgccgc 


cgccgccgcc 


accgccgccc 


60 


gcgcgcctgc 


tactgctact 


gctgctgccg 


ctgctgctgc 


ctctggcgcc 


cggggcctgg 


120 


ggctgggcgc 


ggggcgcccc 


ccggccgccg 


cccagcagcc 


cgccgctctc 


catcatgggc 


180 


ctcatgccgc 


tcaccaagga 


gg-tggccaag 


ggcagcatcg 


ggcgcggtgt 


gctccccgcc 


240 


gtggaactgg 


ccatcgagca 


gatccgcaac 


gagtcactcc 


tgcgccccta 


cttcctcgac 


300 


ctgcggctc-t 


atgacacgga 


gtgcgacaac 


gcaaaaggg-t 


tgaaagcctt 


ctacgatgcg 


360 


ataaaatacg 


ggccgaacca 


cttgatggtg 


tttggaggcg 


tctgtccatc 


cgtcacatcc 


420 


atcattgcag 


agtccctcca 


aggctggaat 


ctggtgcagc 


tttcttttgc 


tgcaaccacg 


480 


cctgttctag 


ccgataagaa 


aaaataccct 


tatttctttc 


ggaccgtccc 


atcagacaat 


540 


gcggtgaatc 


cagccattct 


gaagttgctc 


aagcact acc 


agtggaagcg 


cgtgggcacg 


600 


ctgacgcaag 


acgttcagag 


gttctctgag 


gtgcggaatg 


acctgactgg 


agttctgtat 


660 


ggcgaggaca 


ttgagatttc 


agacaccgag 


agcttctcca 


acgatccctg 


taccagtgtc 


720 


aaaaagctga 


aggggaa-tga 


tgtgcggatc 


atccttggcc 


agtttgacca 


gaatatggca 


780 


gcaaaag-tgt 


tctgttgtgc 


atacgaggag 


aacatgtatg 


gtagtaaata 


tcagtggatc 


840 


attccgggc-t 


ggtacgagcc 


ttcttggtgg 


gagcaggtgc 


acacggaagc 


caactcatcc 


900 


cgctgcctcc 


ggaagaatct 


gcttgctgcc 


atggagggct 


acattggcgt 


ggatttcgag 


960 


cccctgagct 


ccaagcagat 


caagaccatc 


tcaggaaaga 


ctccacagca 


gtafcgagaga 


1020 


gagtacaaca 


acaagcggtc 


aggcgtgggg 


cccagcaagt 


tccacggg-ta 


cgcctacgat 


1080 


ggcatctggg 


tcatcgccaa 


gacactgcag 


agggccatgg 


agacactgca 


tgccagcagc 


1140 


cggcaccagc 


ggatccagga 


cttcoactac 


acggaccaca 


cgctgggcag 


gatcatcctc 


1200 


aatgccatga 


acgagaccaa 


cttcttcggg 


gtcacgggtc 


aagttgtatt 


ccggaatggg 


1260 


gagagaatgg 


ggaccattaa 


atttactcaa 


tttcaagaca 


gcagggaggt 


gaaggtggga 


1320 


gagtacaacg 


ctotaaccoa 
t_ <->j *- ^ *- y a 


cac actggag 


atcatca atg 


acaccatcag 


gttccaagga 


1380 


tccgaaccac 


caaaagacaa 


goccatcatc 


ctggagcagc 


tgcggaagat 


ctccctacct 


1440 


ctctacagca 


tcctctctgc 


cctcaccatc 


ctcgggatga 


tcatggccag' 


tgcttttctc 


1500 


ttcttcaaca 


-tcaagaaccg 


gaatcagaag 


ctcataaaga 


tgtcgagtcc 


atacatgaac 


1560 


aaccttatca 


tccttggagg 


gatgctttcc 


tatgcttcca 


tatttctctt 


tggccttgat 


1620 


ggatcctttg 


tctctgaaaa 


gacctttgaa 


acactttgca 


ccgtcaggac 


ctggattctc 


1680 


accgtgggct 


acacgaccgc 


ttttggggcc 


atg-tt-tgcaa 


agacctggag 


agtccacgcc 


1740 


atcttcaaaa 


atgtgaaaat 


gaagaagaag 


atcatcaagg 


accagaaact 


gcttgtgatc 


1800 


gtggggggca 


tgctgctgat 


cgacctgtgt 


atcctgatct 


gctggcaggc 


tgtggacccc 


166 0 


etgcgaagga 


cagtggagaa 


gtacagcatg 


gagccggacc 


cagcaggacg 


ggatatctcc 


1920 


atccgccctc 


tcctggagca 


ctgtgagaac 


acccatatga 


ccatctggct 


tggcatcgtc 


1980 


tatgcctaca 


agggacttct 


catgttgttc 


ggttg-tttct 


tagcttggga 


gacccgcaac 


2040 


gtcagcatcc 


ccgcactcaa 


cgacagcaag 


tacatcggga 


tgagtgtcta 


caacgtgggg 


2100 
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atcatgtgca 


tcatcggggc 


cgctgtctcc 


ttcctgaccc 


gggaccagcc 


caatgtgcag 


2160 


ttctgcatcg 


tggctctggt 


catcatcttc 


tgcagcacca 


tcaccctctg 


cctggtattc 


2220 


gtgccgaagc 


tcatcaccct 


gagaacaaac 


ccagatgcag 


caacgcagaa 


caggcgattc 


2280 


cagttcactc 


agaatcagaa 


gaaagaagat 


t ct aaaacgt 


ccacc tcggt 


caocagtgtg 


2 34 0 


aaccaagcca 


gcacatcccg 


cctggagggc 


ctacagtcag 


aaaaccatcg 


cctgcgaatg 


2400 


aagatcacag 


agctggataa 


agacttggaa 


gaggtcacca 


tgcagctgca 


ggacacacca 


2460 


gaaaagacca 


cctacattaa 


acagaaccac 


taccaagagc 


tcaatgacat 


cctcaacctg 


2520 


ggaaacttca 


ctgagagcac 


agatggagga 


aaggccattt 


taaaaaatca 


cctcgatcaa 


258 0 


aatccccagc 


tacagtggaa 


cacaacagag 


ccctctcgaa 


catgcaaaga 


tcctatagea 


2640 


gatataaact 


ctccagaaca 


catccagcgt 


cggctgtccc 


tccagctccc 


catcctccac 


2700 


cacgcctacc 


tcccatccat 


cggaggcgtg 


gacgccagct 


gtgtcagccc 


ctgcgtcagc 


2760 


cccaccgcca 


gcccccgcca 


cagacatgtg 


ccaccctcct 


tccgagtcat 


ggtctcgggc 


2820 


ctgtaa 












2826 



<210>' SEQ ID NO 4 7 

<211>i LEKGTH: 941 

<212> TYPE: PRT 

<213> ORGANISM: Homo Sapiens 

<4 00> SEQUEKCE: 4 7 

Met Ala Ser Pro Arg Ser Ser Gly Gin Pro Gly Pro Pro Pro Pro Pro 
15 10 15 

Pro Pro Pro Pro Ala Arg Leu Leu Leu Leu Leu Leu Leu Pro Leu Leu 
20 25 30 

Leu Pro Leu Ala Pro Gly Ala Trp Gly Trp Ala Arg Gly Ala Pro Arg 
35 40 45 

Pro Pro Pro Ser Ser Pro Pro Leu Ser He Met Gly Leu Met Pro Leu 
50 55 60 

Thr Lys Glu Val Ala Lys Gly Ser He Gly Arg Gly Val Leu Pro Ala 
65 . 70 75 80 

Val Glu Leu Ala He Glu Gin He Arg Asn Glu Ser Leu Leu Arg Pro 
85 90 95 

Tyr Phe Leu Asp Leu Arg Leu Tyr Asp Thr Glu Cys Asp Asn Ala Lys 
100 105 HO 

Gly Leu Lys Ala Phe Tyr Asp Ala He Lys Tyr Gly Pro Asn His Leu 
115 120 125 

Met Val Phe Gly Gly Val Cys Pro Ser Val Thr Ser He He Ala Glu 
130 135 140 

Ser Leu Gin Gly Trp Asn Leu Val Gin Leu Ser Phe Ala Ala Thr Thr 
145 150 155 160 

Pro Val Leu Ala Asp Lys Lys Lys Tyr Pro Tyr Phe Phe Arg Thr Val 
165 170 175 

Pro Ser Asp Asn Ala Val Asn Pro Ala He Leu Lys Leu Leu Lys His 
180 185 190 

Tyr Gin Trp Lys Arg Val Gly Thr Leu Thr Gin Asp Val Gin Arg Phe 
195 200 205 

Ser Glu Val Arg Asn Asp Leu Thr Gly Val Leu Tyr Gly Glu Asp He 
210 215 220 
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Glu He Ser ABp Thr Glu Ser Phe Ser Abii Asp Pro Cys Thr Ser Val 
225 230 235 240 

Lys Lys Leu Lys Gly Aan Asp Val Arg lie He Leu Gly Gin Phe Asp 
245 250 255 

Gin Asn Met Ala Ala Lys Val Phe Cys Cys Ala Tyr Glu Glu Asn Met 
260 265 270 

Tyr Gly Ser Lys Tyr Gin Trp He He Pro Gly Trp Tyr Glu Pro Ser 
275 280 285 

Trp Trp Glu Gin Val His Thr Glu Ala Asn Ser Ser Arg Cys Leu Arg 
290 295 300 

Lys Asn Leu Leu Ala Ala Met Glu Gly Tyr He Gly Val Asp Phe Glu 
305 310 315 320 

Pro Leu Ser Ser Lys Gin He LyB Thr He Ser Gly Lys Thr Pro Gin 
325 330 335 

Gin Tyr Glu Arg Glu Tyr Asn Asn Lys Arg Ser Gly Val Gly Pro Ser 
340 345 350 

Lys Phe His Gly Tyr Ala Tyr Asp Gly He Trp Val He Ala Lys Thr 
355 360 365 

Leu Gin Arg Ala Met Glu Thr Leu His Ala Ser Ser Arg His Gin Arg 

370 375 380 

He Gin Asp Phe Asn Tyr Thr Asp His Thr Leu Gly Arg He He Leu 
385 390 395 400 

Asn Ala Met Asn Glu Thr Asn Phe Phe Gly Val Thr Gly Gin Val Val 
405 410 415 

Phe Arg Asn Gly Glu Arg Met Gly Thr He Lys Phe Thr Gin Phe Gin 
420 425 430 

Asp Ser Arg Glu Val Lys Val Gly Glu Tyr Asn Ala Val Ala Asp Thr 
435 440 445 

Leu Glu He He Asn Asp Thr He Arg Phe Gin Gly Ser Glu Pro Pro 
450 455 460 

Lys Asp Lys Thr He He Leu Glu Gin Leu Arg Lys He Ser Leu Pro 
465 470 475 480 

Leu Tyr Ser He Leu Ser Ala Leu Thr He Leu Gly Met He Met Ala 
485 490 495 

Ser Ala Phe Leu Phe Phe Asn He Lys Asn Arg Asn Gin Lys Leu He 
500 505 510 

Lys Met Ser Ser Pro Tyr Met Asn Asn Leu He He Leu Gly Gly Met 
515 520 525 

Leu Ser Tyr Ala Ser He Phe Leu Phe Gly Leu Asp Gly Ser Phe Val 
530 535 540 

Ser Glu Lys Thr Phe Glu Thr Leu Cys Thr Val Arg Thr Trp He Leu 
545 550 555 560 

Thr Val Gly Tyr Thr Thr Ala Phe Gly Ala Met Phe Ala Lys Thr Trp 
565 570 575 

Arg Val His Ala He Phe Lys Asn Val Lys Met Lys Lys Lys He He 
580 585 590 

Lys Asp Gin Lys Leu Leu Val He Val Gly Gly Met Leu Leu He Asp 
595 600 605 

Leu Cys He Leu He Cys Trp Gin Ala Val Asp Pro Leu Arg Arg Thr 
610 615 620 

Val Glu Lys Tyr Ser Met Glu Pro Asp Pro Ala Gly Arg Asp He Ser 
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He Arg Pro Leu Leu Glu His Cys Glu Asn Thr His Met Thr lie Trp 
645 650 655 

Leu Gly He Val Tyr Ala Tyr Lys Gly Leu Leu Met Leu Phe Gly Cye 
660 665 670 

Phe Leu Ala Trp Glu Thr Arg Asn Val Ser He Pro Ala Leu Asn Asp 
675 680 685 

Ser Lys Tyr lie Gly Met Ser Val Tyr Asn Val Gly He Met Cye He 
690 695 700 

He Gly Ala Ala Val Ser Phe Leu Thr Arg Asp Gin Pro Asn Val Gin 
705 710 715 720 

Phe Cys He Val Ala Leu Val He He Phe Cys Ser Thr He Thr Leu 
725 730 735 

Cys Leu Val Phe Val Pro Lys Leu He Thr Leu Arg Thr Asn Pro A6p 
740 745 750 

Ala Ala Thr Gin Asn Arg Arg Phe Gin Phe Thr Gin Asn Gin Lys Lys 

.' 755 760 765 

Glu Asp Ser Lys Thr Ser Thr Ser Val Thr Ser Val Asn Gin Ala Ser 
770. 775 780 

t' ' 

Thr Ser Arg Leu Glu Gly Leu Gin Ser Glu Asn His Arg Leu Arg Met 
785 790 795 800 

Lys He Thr Glu Leu Asp Lys Asp Leu Glu Glu Val Thr Met Gin Leu 
805 810 815 

Gin Asp Thr Pro Glu Lys Thr Thr Tyr He Lys Gin Asn His Tyr Gin 
820 825 830 

Glu Leu Asn Asp He Leu Asn Leu Gly Asn Phe Thr Glu Ser Thr Asp 
835 840 845 

Gly Gly Lys Ala He Leu Lys Asn His Leu Asp Gin Asn Pro Gin Leu 
850 855 860 

Gin Trp Asn Thr Thr Glu Pro Ser Arg Thr Cys Lys Asp Pro He Glu 
. 865 870 875 880 

Asp He Asn Ser Pro Glu His He Gin Arg Arg Leu Ser Leu Gin Leu 
885 890 895 

Pro He Leu His His Ala Tyr Leu Pro Ser He Gly Gly Val Asp Ala 
900 905 910 

Ser Cys Val Ser Pro Cys Val Ser Pro Thr Ala Ser Pro Arg His Arg 
915 920 - 925 

His Val Pro Pro Ser Phe Arg Val Met Val Ser Gly Leu 
930 935 940 



<210> SEQ ID NO 4 8 
<211> LENGTH: 27 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Peptide 
<4 00> SEQUENCE: 4 8 

Pro Leu Tyr Ser He Leu Ser Ala Leu Thr He Leu Gly Met He Met 
15 10 15 



Ala Ser Ala Phe Leu Phe Phe Asn He Lys Asn 
20 25 
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<210> SEQ ID NO 4 9 
<211> LENGTH: 27 
<212> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Peptide 
<4 00> SEQUENCE: 4 9 

Leu lie lie Leu Gly Gly Met Leu Ser Tyr Ala Ser lie Phe Leu Phe 
15 10 15 

Gly Leu Asp Gly Ser Phe Val Ser Glu Lys Thr 
20 25 



<210> SEQ ID NO 5 0 
<211> LENGTH: 25 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Peptide 
<400> SEQUENCE: 50 

Cys Thr Val Arg Thr Trp lie Leu Thr Val Gly Tyr Thr Thr Ala Phe 
15 10 15 

Gly Ala Met Phe Ala Lys Thr Trp Arg 
20 25 



<210> SEQ ID NO 51 
<211> LENGTH: 22 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Peptide 
<400> SEQUENCE: 51 

Gin Lys Leu Leu Val lie Val Gly Gly Met Leu Leu lie Asp Leu Cys 
15 10 15 

lie Leu lie Cys Trp Gin 
20 



<210> SEQ ID NO 52 
<211> LENGTH: 24 
<212> TYPE: PRT 

<213> ORGANISM! Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Peptide 
<400> SEQUENCE: 52 

Met Thr lie Trp Leu Gly lie Val Tyr Ala Tyr Lys Gly Leu Leu Met 
15 10 15 

Leu Phe Gly Cys Phe Leu Ala Trp 
20 



<210> SEQ ID NO 53 
<211> LENGTH! 25 
<212> TYPE:. PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Peptide 
<400> SEQUENCE: 53 



Ala Leu Asn Asp Ser Lys Tyr lie Gly Met Ser Val Tyr Asn Val Gly 
15 10 15 
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He Met Cys He He Gly Ala Ala Val 
20 25 



<210> SEQ ID NO 54 
<2X1> LENGTH : 25 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Peptide 
<4 00> SEQUENCE: 5 4 

Ala Leu Asn Asp Ser Lye Tyr He Gly Met Ser Val Tyr Asn Val Gly 
15 10 15 

He Met Cys He He Gly Ala Ala Val 

20 25 



<210>. SEQ ID NO 55 

<211> LENGTH: 84 4 

<212> TYPE: PRT 

<213>. ORGAN ISM: Rattus Sp . 

<400>; SEQUENCE: 55 

Met Gly Pro Gly Gly Pro Cys Thr Pro Val Gly Trp Pro Leu Pro Leu 

1 i 5 10 15 

Leu Leu Val Met Ala Ala Gly Val Ala Pro Val Trp Ala Ser His Ser 
20 25 30 

Pro His Leu Pro Arg Pro His Pro Arg Val Pro Pro His Pro Ser. Ser 
35 40 45 

Glu Arg Arg Ala Val Tyr He Gly Ala Leu Phe Pro Met Ser Gly Gly 
50 55 60 

Trp Pro Gly Gly Gin Ala Cys Gin Pro Ala Val Glu Met Ala Leu Glu 
65 70 75 80 

Asp Val Asn Ser Arg Arg Asp He Leu Pro Asp Tyr Glu Leu Lys Leu 
85 90 95 

lie His His Asp Ser Lys Cys Asp Pro Gly Gin Ala Thr Lys Tyr Leu 
100 105 HO 

Tyr Glu Leu Leu Tyr Asn Asp Pro He Lys He He Leu Met Pro Gly 
115 120 125 

Cys Ser Ser Val Ser Thr Leu Val Ala Glu Ala Ala Arg Met Trp Asn 
130 135 140 

Leu He Val Leu Ser Tyr Gly Ser Ser Ser Pro Ala Leu Ser Asn Arg 
145 150 155 160 

Gin Arg Phe Pro Thr Phe Phe Arg Thr His Pro Ser Ala Thr Leu His 
165 170 175 

Asn Pro Thr Arg Val Lys Leu Phe Glu Lys Trp Gly Trp Lys Lys He 
180 185 190 

Ala Thr He Gin Gin Thr Thr Glu Val Phe Thr Ser Thr Leu Asp Asp 
195 200 205 

Leu Glu Glu Arg Val Lys Glu Ala Gly He Glu He Thr Phe Arg Gin 
210 215 220 

Ser Phe Phe Ser Asp Pro Ala Val Pro Val Lys Asn Leu Lys Arg Gin 
225 230 235 240 

Asp Ala Arg He He Val Gly Leu Phe Tyr Glu Thr Glu Ala Arg Lys 
245 250 255 

Val Phe Cys Glu Val Tyr Lys Glu Arg Leu Phe Gly Lys Lys Tyr Val 
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260 



265 



270 



Trp Phe Leu He Gly Trp Tyr Ala Asp Asn Trp Phe Lys Thr Tyr Asp 
275 280 285 

Pro Ser He Asn Cys Thr Val Glu Glu Met Thr Glu Ala Val Glu Gly 
290 295 300 

His He Thr Thr Glu He Val Met Leu Asn Pro Ala Asn Thr Arg Ser 
305 310 315 320 

He Ser Aen Met Thr Ser Gin Glu Phe Val Glu Lys Leu Thr Lys Arg 
325 330 335 

Leu Lys Arg His Pro Glu Glu Thr Gly Gly Phe Gin Glu Ala Pro Leu 
340 345 350 

Ala Tyr Asp Ala He Trp Ala Leu Ala Leu Ala Leu Asn Lys Thr Ser 
355 360 365 

Gly Gly Gly Gly Arg Ser Gly Val Arg Leu Glu Asp Phe Asn Tyr Asn 
370 375 380 

Asn Gin Thr He Thr Asp Gin He Tyr Arg Ala Met Asn Ser Ser Ser 
385 390 395 400 

Phe Glu Gly Val Ser Gly His Val Val Phe Asp Ala Ser Gly Ser Arg 
405 410 415 

Met Ala Trp Thr Leu He Glu Gin Leu Gin Gly Gly Ser Tyr Lys Lys 
420 425 430 

He Gly Tyr Tyr Asp Ser Thr Lys Asp Asp Leu Ser Trp Ser Lys Thr 
435 440 445 

Asp Lys Trp He Gly Gly Ser Pro Pro Ala Asp Gin Thr Leu Val He 
450 455 460 

Lys Thr Phe Arg Phe Leu Ser Gin Lys Leu Phe He Ser Val Ser Val 
465 470 475 4B0 

Leu Ser Ser Leu Gly He Val Leu Ala Val Val Cys Leu Ser Phe Asn 
485 490 495 

lie Tyr Asn Ser His Val Arg Tyr He Gin Asn Ser Gin Pro Asn Leu 
500 505 510 

Asn Asn Leu Thr Ala Val Gly Cys Ser Leu Ala Leu Ala Ala Val Phe 
515 520 525 

Pro Leu Gly Leu Asp Gly Tyr His He Gly Arg Ser Gin Phe Pro Phe 
530 535 540 

Val Cys Gin Ala Arg Leu Trp Leu Leu Gly Leu Gly Phe Ser Leu Gly 
545 550 555 560 

Tyr Gly Ser Met Phe Thr Lys He Trp Trp Val His Thr Val Phe Thr 
565 570 575 

Lys Lys Glu Glu Lys Lys Glu Trp Arg Lys Thr Leu Glu Pro Trp Lys 
580 585 590 

Leu Tyr Ala Thr Val Gly Leu Leu Val Gly Met Asp Val Leu Thr Leu 
595 600 605 

Ala He Trp Gin He Val Asp Pro Leu His Arg Thr He Glu Thr Phe 
610 615 620 

Ala Lys Glu Glu Pro Lys Glu Asp He Asp Val Ser He Leu Pro Gin 
625 630 635 640 

Leu Glu His Cys Ser Ser Lys Lys Met Asn Thr Trp Leu Gly He Phe 



645 



650 



655 



Tyr Gly Tyr Lys Gly Leu Leu Leu Leu Leu Gly He Phe Leu Ala Tyr 
660 665 670 
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Glu Thr Lys Ser Val Ser Thr Glu Lye lie Asn Asp His Arg Ala Val 
675 680 685 

Gly Met Ala lie Tyr Asn Val Ala Val Leu Cys Leu lie Thr Ala Pro 
690 695 700 

Val Thr Met He Leu Ser Ser Gin Gin Asp Ala Ala Phe Ala Phe Ala 
705 710 715 720 

Ser Leu Ala He Val Phe Ser Ser Tyr He Thr Leu Val Val Leu Phe 
725 730 735 

Val Pro Lys Met Arg Arg Leu He Thr Arg Gly Glu Trp Gin Ser Glu 
740 745 750 

Thr Gin Asp Thr Met Lys Thr Gly Ser Ser Thr Aan Asn Asn Glu Glu 
755 760 765 

Glu Lys Ser Arg Leu Leu Glu Lys Glu Asn Arg Glu Leu Glu Lys He 
770 775 780 

He Ala Glu Lys Glu Glu Arg Val Ser Glu Leu Arg His Gin Leu Gin 
785 » 790 795 800 

j i 

Ser Arg Gin Gin Leu Arg Ser Arg Arg His Pro Pro Thr Pro Pro Asp 
805 810 815 

Pro jSer Gly Gly Leu Pro Arg Gly Pro Ser Glu Pro Pro Asp Arg Leu 
820 825 830 

Ser Cys Asp Gly Ser Arg Val His Leu Leu Tyr Lys 
835 840 



What is claimed is: 

1. An isolated nucleic acid encoding a GABA B R2 
polypeptide. 

2. ITie nucleic acid of claim 1, wherein the nucleic acid is 
DNA. 

3. The DNA of claim 2, wherein the DNA is cDNA. 

4. The DNA of claim 2, wherein the DNA is genomic 
DNA. 

5. The nucleic acid of claim 1, wherein the nucleic acid is 
RNA. 

6. i*he nucleic acid of claim 1, wherein the nucleic acid 
encodes a mammalian GABA B R2 polypeptide. 

7. The nucleic acid of claim 1, wherein the nucleic acid 
encodes a rat GABA n R2 polypeptide, 

8. The nucleic acid of claim 1, wherein the nucleic acid 
encodes a human GABA B R2 polypeptide. 

9. The nucleic acid of claim 6, wherein the nucleic acid 
encodes a polypeptide characterized by an amino acid 
sequence in the transmembrane regions which has an iden- 
tity of 90% or higher to the amino acid sequence in the 
transmembrane regions of the human GABA B R2 polypep- 
tide shown in FIGS. 5A-5D. 

10. The nucleic acid of claim 6, wherein the nucleic acid 
encodes a mammalian GABA B R2 polypeptide which has 
substantially the same amino acid sequence as does the 
GABA B R2 polypeptide encoded by the plasmid BO-55 
(ATCC Accession No. 209104). 

11. The nucleic acid of claim 7, wherein the nucleic acid 
encodes a rat GABA B R2 polypeptide which has an amino 
acid sequence encoded by the plasmid BO-55 (Al'CC Acces- 
sion No. 209104). 

12. The nucleic acid of claim 7, wherein the nucleic acid 
encodes a rat GABA B R2 polypeptide having substantially 



the same amino acid sequence as the amino acid sequence 
shown in FIGS. 4A-4D (SEQ ID NO:4), 

13. The nucleic acid of claim 7, wherein the rat 
GABA B R2 polypeptide has an amino acid sequence which 
comprises the amino acid sequence shown in FIGS. 4A-4D 
(SEQ ID NO:4). 

14. The nucleic acid of claim 6, wherein the nucleic acid 
encodes a mammalian GABA B R2 polypeptide which has 
substantially the same amino acid sequence as does the 
GABA B R2 polypeptide encoded by the plasmid pEXJT3T7- 
hGABAB2 (ATCC Accession No, 203515). 

15. The nucleic acid of claim 8, wherein the human 
GABA B R2 polypeptide comprises an amino acid sequence 
substantially the same as the amino acid sequence encoded 
by plasmid pEXJ'13'17-hGABAB2 "(ATCC Accession No. 
203515), 

16. The nucleic acid of claim 8, wherein the human 
GABA B R2 polypeptide comprises an amino acid sequence 
substantially the same as the amino acid sequence in FIGS. 
23A-23D (SEO ID NO:47). 

17. The nucleic acid of claim 8, wherein the human 
GABA B R2 polypeptide has an amino acid sequence which 
comprises the sequence shown in FIGS. 23A-23D (SEQ ID 
NO:47). 

18. A purified GABA B R2 protein. 

19. A vector comprising the nucleic acid of claim 1. 

20. A vector comprising the nucleic acid of claim 8. 

21. A vector of claim 19 adapted for expression in a 
bacterial cell which comprises the regulatory elements nec- 
essary for expression of the nucleic acid in the bacterial cell 
operatively linked to the nucleic acid encoding a GABA B R2 
polypeptide so as to permit expression thereof. 
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22. A vector of claim 19 adapted for expression in an 
amphibian cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the amphibian 
cell operatively linked to the nucleic acid encoding a 
GABA B R2 polypeptide so as to permit expression thereof. 

23. A vector of claim 19 adapted for expression in a yeast 
cell which comprises the regulatory elements necessary for 
expression of the nucleic acid in the yeast cell operatively 
linked to the nucleic acid encoding a GABA B R2 polypeptide 
so as to permit expression thereof. 

24. A vector of claim 19 adapted for expression in an 
insect cell which comprises the regulatory elements neces- 
sary for expression of the nucleic, acid in the insect cell 
operatively linked to the nucleic acid encoding the 
GABA B R2 polypeptide so as to permit expression thereof. 

25. A vector of claim 24 which is a baculo virus. 

26. A vector of claim 19 adapted for expression in a 
mammalian cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the mamma- 
lian cell operatively linked to the nucleic acid encoding a 
GABA B R2 polypeptide so as to permit expression thereof. 

27. A vector of claim 19 wherein the vector is a plasmid. 

28. The plasmid of claim 27 designated BO-55 (ATCC 
Accession No. 209104). 

29. The plasmid of claim 27 designated pEXJT3T7- 
hGABAB2 (ATCC Accession No. 203515). 

30. A method of detecting a nucleic acid encoding a 
GABA B R2 polypeptide, which comprises contacting the 
nucleic acid with a probe comprising at least 15 nucleotides, 
which probe specifically hybridizes with the nucleic acid 
encoding the GABA B R2 polypeptide, wherein the probe has 
a unique sequence, which sequence is present within one of 
the two strands of the nucleic acid encoding the GABA B R2 
polypeptide contained in plasmid BO-55, and detecting 
hybridization of the probe to the nucleic acid. 

31. A method of detecting a nucleic acid encoding a 
GABA B R2 polypeptide, which comprises contacting the 
nucleic acid with a probe comprising at least 15 nucleotides, 
which probe specifically hybridizes with the nucleic acid 
encoding the GABA B R2 polypeptide, wherein the probe has 
a unique sequence, which sequence is present within (a) the 
nucleic acid sequence shown in FIGS. 22A-22D (SEQ ID 
NO:46) or (b) the reverse complement to the nucleic acid 
sequence shown in FIGS. 22A-22D (SEQ ID NO:46), and 
detecting hybridization of the probe to the nucleic acid. 

32. A method of detecting a nucleic acid encoding a 
GABA B R2 polypeptide, which comprises contacting the 
nucleic acid with a probe comprising at least 15 nucleotides, 
which probe specifically hybridizes with the nucleic acid 
encoding the GABA B R2 polypeptide, wherein the probe has 
a unique sequence, which sequence is present within one of 
the two strands of the nucleic acid encoding the GABA B R2 
polypeptide contained in plasmid pEXJT3T7-hGABAB2, 
and detecting hybridization of the probe to the nucleic acid. 

33. A method of detecting a nucleic acid encoding a 
GABA B R2 polypeptide, which comprises contacting the 
nucleic acid with a probe comprising at least 15 nucleotides, 
which probe specifically hybridizes with the nucleic acid 
encoding the GABA B R2 polypeptide, wherein the probe has 
a unique sequence, which sequence is present within (a) the 
nucleic acid sequence shown in FIGS. 3A-3D (SEQ ID 
NO: 3) or (b) the reverse complement to the nucleic acid 
sequence shown in FIGS. 3A-3D (SEQ ID NO:3), and 
detecting hybridization of the probe to the nucleic acid. 



34. The method of any one of claims 30 to 33, wherein the 
nucleic acid is DNA. 

35. The method of any one of claims 30 to 33, wherein the 
nucleic acid is RNA. 

36. The method of any one of claims 30 to 33, wherein the 
probe comprises at least 15 nucleotides complementary to a 
unique segment of the sequence of the nucleic acid molecule 
encoding the GABA B R2 polypeptide. 

37. A method of detecting a nucleic acid encoding a 
GABA B R2 polypeptide, which comprises contacting the 
nucleic acid with a probe comprising a nucleic acid of at 
least 15 nucleotides which is complementary to the antisense 
sequence of a unique segment of the sequence of the nucleic 
acid encoding the GABA B R2 polypeptide, and detecting 
hybridization of the probe to the nucleic acid. 

38. A method of inhibiting translation of mRNA encoding 
a GABA B R2 polypeptide which comprises contacting such 
mRNA with an antisense oligonucleotide having a sequence 
capable of specifically hybridizing to the mRNA of claim 5, 
so as to prevent translation of the mRNA. 

39. A method of inhibiting translation of mRNA encoding 
a GABA B R2 polypeptide which comprises contacting such 
mRNA with an antisense oligonucleotide having a sequence 
capable of specifically hybridizing to the genomic DNA of 
claim 4. 

40. The method of claim 38 or 39, wherein the oligo- 
nucleotide comprises chemically modified nucleotides or 
nucleotide analogues. 

41. An isolated antibody capable of binding to a 
GABA B R2 polypeptide encoded by the nucleic acid of claim 
1. 

42. The antibody of claim 41, wherein the GABA B R2 
polypeptide is a human GABA n R2 polypeptide. 

43. An antibody capable of competitively inhibiting the 
binding of the antibody of claim 41 to a GABA B R2 polypep- 
tide. 

44. An antibody of claim 41, wherein the antibody is a 
monoclonal antibody. 

45. A monoclonal antibody of claim 44 directed to an 
epitope of a GABA B R2 polypeptide present on the surface 
of a GABA B R2 polypeptide expressing cell. 

46. A method of claim 38 or 39, wherein the oligonucle- 
otide is coupled to a substance which inactivates mRNA. 

47. A method of claim 46, wherein the substance which 
inactivates mRNA is a ribozyme. 

48. A pharmaceutical composition which comprises an 
amount of the antibody of claim 41 cf fective to block 
binding of a ligand to the GABA B R2 polypeptide and a 
pharmaceutical^ acceptable carrier. 

49. A transgenic, nonhuman mammal expressing DNA 
encoding a GABA R R2 polypeptide of claim 1. 

50. A transgenic, nonhuman mammal comprising a 
homologous recombination knockout of the native 
GABA B R2 polypeptide. 

51. A transgenic, nonhuman mammal whose genome 
comprises antisense DNA complementary to DNA encoding 
a GABA B R2 polypeptide of claim 1 so placed as to be 
transcribed into antisense mRNA which is complementary to 
mRNA encoding such GABA B R2 polypeptide and which 
hybridizes to such mRNA encoding such GABA B R2 
polypeptide, thereby reducing its translation. 

52. The transgenic, nonhuman mammal of claim 49 or 50, 
wherein the DNA encoding the GABA B R2 polypeptide 
additionally comprises an inducible promoter. 
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53. The transgenic, nonhuman mammal of claim 49 or 50, 
wherein the DNA encoding the GABA n R2 polypeptide 
additionally comprises tissue specific regulatory elements. 

54. A transgenic, nonhuman mammal of any one of claims 
49, 50 or 51, wherein the transgenic, nonhuman mammal is 
a mouse. 

55. A method of detecting the presence of a GABA B R2 
polypeptide on the surface of a cell which comprises con- 
tacting the cell with the antibody of claim 41 under condi- 
tions permitting binding of the antibody to the polypeptide, 
detecting the presence of the antibody bound to the cell, and 
thereby detecting the presence of a GABA B R2 polypeptide 
on the surface of the cell. 

56. A method of preparing the purified GABA B R2 
polypeptide of claim 18 which comprises: 

a. inducing cells to express a GABA B R2 polypeptide; 

b. recovering the polypeptide so expressed from the 
induced cells; and 

c. purifying the polypeptide so recovered. 

57. A method of preparing the purified GABA B R2 
polypeptide of claim 18 which comprises: 

a. 'inserting a nucleic acid encoding the GABA B R2 
polypeptide into a suitable vector; 

b. r introducing the resulting vector in a suitable host cell; 

c. placing the resulting cell in suitable condition permit- 
ting the production of the GABA B R2 polypeptide; 

d. recovering the polypeptide produced by the resulting 
cell; and 

e. isolating or purifying the polypeptide so recovered. 

58. A GABA B R1/R2 receptor comprising two polypep- 
tides, one of which is a GABA B R2 polypeptide and another 
of which is a GABA B R1 polypeptide. 

59. A method of forming a GABA B R1/R2 receptor which 
comprises inducing cells to express both a GABA B R1 
polypeptide and a GABA B R2 polypeptide. 

60. An antibody capable of binding to a GABA B R1/R2 
receptor, wherein the GABA R R2 polypeptide is encoded by 
the nucleic acid of claim 1. 

61. The antibody of claim 60, wherein the GABA B R2 
polypeptide is a human GABA B R2 polypeptide. 

62. An antibody capable of competitively inhibiting the 
binding of the antibody of claim 60 to a GABA B R1/R2 
receptor. 

63. An antibody of claim 60, wherein the antibody is a 
monoclonal antibody. 

64. A monoclonal antibody of claim 63 directed to an 
epitope of a GABA B R1/R2 receptor present on the surface 
of a GABA B R1/R2 polypeptide expressing cell. 

65. A pharmaceutical composition which comprises an 
amount of the antibody of claim 60 effective to block 
binding of a ligand to the GABA B R1/R2 receptor and a 
pharmaceutical^ acceptable carrier. 

66. A transgenic, nonhuman mammal expressing a 
GABA B R1/R2 receptor, which is not naturally expressed by 
the mammal. 

67. A transgenic, nonhuman mammal comprising a 
homologous recombination knockout of the native 
GABA B R1/R2 receptor. 

68. A transgenic, nonhuman mammal of claim 66 or 67, 
wherein the transgenic nonhuman mammal is a mouse. 



69. A method of delecting the presence of a GABA B R1/ 
R2 receptor on the surface of a cell which comprises 
contacting the cell with the antibody of claim 60 under 
conditions permitting binding of the antibody to the recep- 
tor, detecting the presence of the antibody bound to the cell, 
and thereby detecting the presence of a GABA B R1/R2 
receptor on the surface of the cell. 

70. A method of determining the physiological effects of 
varying levels of activity of GABA B R1/R2 receptors which 
comprises producing a transgenic nonhuman mammal of 
claim 66 whose levels of GABA B R1/R2 receptor activity 
vary due to the presence of an inducible promoter which 
regulates GABA B R1/R2 receptor expression. 

71. A method of determining the physiological effects of 
varying levels of activity of GABA B R1/R2 receptors which 
comprises producing a panel of transgenic nonhuman mam- 
mals of claim 66, each expressing a different amount of 
GABA B R1/R2 receptor. 

72. A method for identifying an antagonist capable of 
alleviating an abnormality, by decreasing the activity of a 
GABA B R1/R2 receptor comprising administering a com- 
pound to the transgenic nonhuman mammal of claim 66 or 
68, and determining whether the compound alleviates the 
physical and behavioral abnormalities displayed by the 
transgenic, nonhuman mammal, the alleviation of the abnor- 
mality identifying the compound as the antagonist. 

73. An antagonist identified by the method of claim 72. 

74. A pharmaceutical composition comprising an antago- 
nist of claim 73 and a pharmaceutical^ acceptable carrier. 

75. A method of treating an abnormality in a subject 
wherein the abnormality is alleviated by decreasing the 
activity of a GABA B R1/R2 receptor which comprises 
administering to a subject an effective amount of the phar- 
maceutical composition of claim 74, thereby treating the 
abnormality. 

76. A method for identifying an agonist capable of alle- 
viating an abnormality, by increasing the activity of a 
GABA n Rl/R2 receptor comprising administering a com- 
pound to the transgenic nonhuman mammal of claim 66 or 
68, and determining whether the compound alleviates the 
physical and behavioral abnormalities displayed by the 
transgenic, nonhuman mammal, the alleviation of the abnor- 
mality identifying the compound as the agonist. 

77. An agonist identified by the method of claim 76. 

78. A pharmaceutical composition comprising an agonist 
of claim 76 and a pharmaceutical^ acceptable carrier. 

79. A method for treating an abnormality in a subject 
wherein the abnormality is alleviated by increasing the 
activity of a GABA„R 1/R2 receptor which comprises 
administering to a subject an effective amount of the phar- 
maceutical composition of claim 78, thereby treating the 
abnormality. 

80. A cell which expresses on its surface a mammalian 
GABA B R1/R2 receptor that is not naturally expressed on the 
surface of such cell. 

81. A cell of claim 80, wherein the mammalian 
GABA B R1/R2 receptor comprises two polypeptides, one of 
which is a GABA B R2 polypeptide and another of which is 
a GABA B R1 polypeptide. 

82. A process for identifying a chemical compound which 
specifically binds to a GABA B R1/R2 receptor which com- 
prises contacting cells containing nucleic acid encoding and 
expressing on their cell surface the GABA B R1/R2 receptor, 
wherein such cells do not normally express the GABA B R1/ 
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R2 receptor, with the compound under conditions suitable 
for binding, and detecting specific binding of the chemical 
compound to the GABA B R1/R2 receptor. 

83. A process for identifying a chemical compound which 
specifically binds to a GABA B R1/R2 receptor which com- 
prises contacting a membrane fraction from a cell extract of 
cells containing nucleic acid encoding and expressing on 
their cell surface the GABA B R1/R2 receptor, wherein such 
cells do not normally express the GABA B R1/R2 receptor, 
with the compound under conditions suitable for binding, 
and detecting specific binding of the chemical compound to 
the GABA B R1/R2 receptor. 

84. The process of claim 82 or 83, wherein the GABA B R 
1/R2 receptor is a mammalian GABA B R1/R2 receptor. 

85. The process of claim 82 or 83, wherein the 
GABA B R1/R2 receptor comprises a GABA n R 2 polypep- 
tide which has substantially the same amino acid sequence 
as that encoded by the plasmid BO-55 (ATCC Accession No. 
209104). 

86. The process of claim 82 or 83, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which has substantially the same sequence as the amino acid 
sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

87. The process of claim 82 or 83, wherein the 
GABA B R1/R2 receptor comprises a GABA n R2 polypeptide 
which has the amino acid sequence shown in FIGS. 23A- 
23D (SEQ ID NO:47). 

88. The process of claims 82 or 83, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which has substantially the same amino acid sequence as 
that encoded by the plasmid pEXJT3T7-hGABAB2 (ATCC 
Accession No. 203515). 

89. The process of claim 82 or 83, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which lias substantially the same amino acid sequence as the 
sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

90. The process of claim 82 or 83, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which has the sequence shown in FIGS. 23A-23D (SEQ ID 
NO:47). 

91. The process of claim 89, wherein the compound is not 
previously known to bind to a GABA B R1/R2 receptor. 

92. A compound identified by the process of claim 91. 

93. A process of claim 89, wherein the cell is an insect 
cell. 

94. A process of claim 89, wherein the cell is a mamma- 
lian cell. 

95. A process of claim 94, wherein the cell is nonneuronal 
in origin. 

96. A process of claim 95, wherein the nonneuronal cell 
is a COS-7 cell, 293 human embryonic kidney cell, a CHO 
cell, a NIII-3T3 cell a mouse Yl cell or LM(tk-) cell. 

97. A process of claim 94, wherein the compound is not 
previously known to bind to a GABA B R1/R2 receptor. 

98. A compound identified by the process of claim 97. 

99. A process involving competitive binding for identi- 
fying a chemical compound which specifically binds to a 
GABA B R1/R2 receptor which comprises separately con- 
tacting cells expressing on their cell surface the GABA B R1/ 
R2 receptor, wherein such cells do not normally express the 
GABA B R1/R2 receptor, with both the chemical compound 
and a second chemical compound known to bind to the 
receptor, and with only the second chemical compound, 
under conditions suitable for binding of both compounds, 



and detecting specific binding of the chemical compound to 
the GABA n Rl/R2 receptor, a decrease in the binding of the 
second chemical compound to the GABA B R1/R2 receptor 
in the presence of the chemical compound indicating that the 
chemical compound binds to the GABA B R1/R2 receptor. 

100. A process involving competitive binding for identi- 
fying a chemical compound which specifically binds to a 
human GABA B R 1/R2 receptor which comprises separately 
contacting a membrane fraction from a cell extract of cells 
expressing on their cell surface the GABA B R1/R2 receptor, 
wherein such cells do not normally express the GABA B R1/ 
R2 receptor, with both the chemical compound and a second 
chemical compound known to bind to the receptor, and with 
only the second chemical compound, under conditions suit- 
able for binding, of both compounds, and detecting specific 
binding of the chemical compound to the GABA n Rl/R2 
receptor, a decrease in the binding of the second chemical 
compound to the GABA B R1/R2 receptor in the presence of 
the chemical compound indicating that the chemical com- 
pound binds to the GABA B R1/R2 receptor. 

101. A process of claim 99 or 100, wherein the 
GABA B R1/R2 receptor is a mammalian GABA B R1/R2 
receptor. 

102. The process of claim 101, wherein the GABA B R1/ 
R2 receptor comprises a GABA n R2 polypeptide which has 
substantially the same amino acid sequence as that encoded 
by plasmid BO-55 (ATCC Accession No. 209104). 

103. The process of claim 99 or 100, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which has substantially the same amino acid sequence as 
that shown in FIGS. 23A-23D (SEQ ID NO:47). 

104. The process of claim 99 or 100, wherein the 
GABA n Rl/R2 receptor comprises a GABA n R2 polypeptide 
which has the amino acid sequence shown in FIGS. 23 A- 
23D (Seq. ID NO:47). 

105. The process of claim 99 or 100, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which has substantially the same amino acid sequence as 
that encoded by plasmid pEXJT3T7-hGABAB2 (ATCC 
Accession No.203515). 

106. The process of claim 99 or 100, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which has substantially the same amino acid sequence as the 
sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

107. The process of claim 99 or 100, wherein the 
GABA B R1/R2 receptor comprises a GABA B R2 polypeptide 
which has the sequence shown in FIGS. 23A-23D (SEQ ID 
NO:47). 

108. The process of claim 107, wherein the cell is an 
insect cell. 

109. The process of claim 107, wherein the cell is a 
mammalian cell. 

110. The process of claim 109, wherein the cell is non- 
neuronal in origin. 

111. 'l"he process of claim 110, wherein the nonneuronal 
cell is a COS-7 cell, 293 human embryonic kidney cell, a 
CHO cell, a NIH-3T3 cell a mouse Yl cell or LM(tk-) cell. 

112. The process of claim 109, wherein the compound is 
not previously known to bind to a GABA B R1/R2 receptor. 

113. A compound identified by the process of claim 112. 

114. A method of screening a plurality of chemical 
compounds not known to bind to a GABA B R1/R2 receptor 
to identify a compound which specifically binds to the 
GABA B R1/R2 receptor, which comprises 
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(a) contacting cells containing nucleic acid encoding and 
expressing on their cell surface the GABA n Rl/R2 
receptor, wherein such cells do not normally express 
the GABA B R1/R2 receptor, with a compound known 
to bind specifically to the GABA B R1/R2 receptor; 

(b) contacting the same cells as in step (a) with the 
plurality of compounds not known to bind specifically 
to the GABA B R1/R2 receptor, under conditions per- 
mitting binding of compounds known to bind the 
GABA B R1/R2 receptor; 

(c) determining whether the binding of the compound 
known to bind specifically to the GABA B R1/R2 recep- 
tor is reduced in the presence of the plurality of the 
compounds, relative to the binding of the compound in 
the absence of the plurality of compounds, and if the 
binding is reduced; 

(d) separately determining the extent of binding to the 
GABA B R1/R2 receptor of each compound included in 
the plurality of compounds, so as to thereby identify the 
compound or compounds present in such plurality of 
compounds which specifically binds to the GABA B R1/ 

( R2 receptor. 

115! A method of screening a plurality of chemical 
compounds not known to bind to a GABA B R1/R2 receptor 
to identify a compound which specifically binds to the 
GABA B R1/R2 receptor, which comprises 

(a) contacting a membrane fraction extract from cells 
containing nucleic acid encoding and expressing on 
their cell surface the GABA B R1/R2 receptor, wherein 
such cells do not normally express the GABA B R1/R2 
receptor, with a compound known to bind specifically 
to the GABA B R1/R2 receptor; 

(b) contacting the same membrane fraction as in step (a) 
with the plurality of compounds not known to bind 
specifically to the GABA B R1/R2 receptor, under con- 
ditions permitting binding of compounds known to 
bind the GABA B R1/R2 receptor; 

(c) determining whether the binding of the compound 
known to bind specifically to the GABA B R1/R2 recep- 
tor is reduced in the presence of the plurality of 
compounds, relative to the binding of the compound in 
the absence of the plurality of compounds, and if the 
binding is reduced; 

(d) separately determining the extent of binding to the 
GABA B R1/R2 receptor of each compound included in 
the plurality of compounds, so as to thereby identify the 
compound or compounds present in such plurality of 
compounds which specifically binds to the GABA B R1/ 
R2 receptor. 

116. A method of claim 114 or 115, wherein the 
GABA B R1/R2 receptor is a mammalian GABA B R1/R2 
receptor. 

117. A method of either of claim 114 or 115, wherein the 
cell is a mammalian cell. 

118. A method of claim 117, wherein the mammalian cell 
is non-neuronal in origin. 

119. The method of claim 118, wherein the non-ncuronal 
cell is a COS-7 cell, a 293 human embryonic kidney cell, a 
LM(tk-) cell, a CIIO cell, a mouse Yl cell or an N11I-3T3 
cell. 



120. A process for determining whether a chemical com- 
pound is a GABA n Rl/R2 receptor agonist which comprises 
contacting cells with the compound under conditions per- 
mitting the activation of the GABA B R1/R2 receptor, and 
detecting an increase in GABA B R1/R2 receptor activity, so 
as to thereby determine whether the compound is a 
GABA B R1/R2 receptor agonist. 

121. A process for determining whether a chemical com- 
pound is a GABA B R1/R2 receptor antagonist which com- 
prises contacting cells containing nucleic acid encoding and 
expressing on their cell surface the GABA B R1/R2 receptor, 
wherein such cells do not normally express the GABA B R1/ 
R2 receptor, with the compound in the presence of a known 
GABA n Rl/R2 receptor agonist, under conditions permitting 
the activation of the GABA B R1/R2 receptor, and detecting 
a decrease in GABA B R1/R2 receptor activity, so as to 
thereby determine whether the compound is a GABA B R1/ 
R2 receptor antagonist. 

122. A process of claim 120 or 121, wherein the cells 
additionally express nucleic acid encoding GIRK1 and 
GIRK4. 

123. A process of any one of claims 120, 121, or 122, 
wherein the GABA B R2 receptor is a mammalian GABA B R2 
receptor. 

124. A pharmaceutical composition which comprises an 
amount of a GABA B R1/R2 receptor agonist determined to 
be an agonist by the process of claim 120 effective to 
increase activity of a GABA B R1/R2 receptor and a phar- 
maceutical^ acceptable carrier. 

125. A pharmaceutical composition of claim 124, wherein 
the GABA B R1/R2 receptor agonist was not previously 
known. 

126. A pharmaceutical composition which comprises an 
amount of a GABA B R1/R2 receptor antagonist determined 
to be an antagonist the process of claim 121 effective to 
reduce activity of a GABA B R1/R2 receptor and a pharma- 
ceutically acceptable carrier. 

127. A pharmaceutical composition of claim 126, wherein 
the GABA B R1/R2 receptor antagonist was not previously 
known. 

128. A process for determining whether a chemical com- 
pound activates a GAUA B R1/R2 receptor, which comprises 
contacting cells producing a second messenger response and 
expressing on their cell surface the GABA B R1/R2 receptor, 
wherein such cells do not normally express the GABA B R1/ 
R2 receptor, with the chemical compound under conditions 
suitable for activation of the GABA B R1/R2 receptor, and 
measuring the second messenger response in the presence 
and in the absence of the chemical compound, a change in 
the second messenger response in the presence of the 
chemical compound indicating that the compound activates 
the GABA B R1/R2 receptor. 

129. The process of claim 128, wherein the second 
messenger response comprises potassium channel activation 
and the change in second messenger is an increase in the 
level of potassium current. 

130. A process for determining whether a chemical com- 
pound inhibits activation of a GABA D R1/R2 receptor, 
which comprises separately contacting cells producing a 
second messenger response and expressing on their cell 
surface the GABA B R1/R2 receptor, wherein such cells do 
not normally express the GABA B R1/R2 receptor, with both 
the chemical compound and a second chemical compound 
known to activate the GABA B R1/R2 receptor, and with only 
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the second chemical compound, under conditions suitable 
for activation of the GABA n Rl/R2 receptor, and measuring 
the second messenger response in the presence of only the 
second chemical compound and in the presence of both the 
second chemical compound and the chemical compound, a 
smaller change in the second messenger response in the 
presence of both the chemical compound and the second 
chemical compound than in the presence of only the second 
chemical compound indicating that the chemical compound 
inhibits activation of the GABA B R1/R2 receptor. 

131. The process of claim 130, wherein the second 
messenger response comprises potassium channel activation 
and the change in second messenger response is a smaller 
increase in the level of inward potassium current in the 
presence of both the chemical compound and the second 
chemical compound than in the presence of only the second 
chemical compound. 

132. A process of any one of claims 128, 129, 130 or 131, 
wherein the GABA B R1/R2 receptor is a mammalian 
GABA B R1/R2 receptor. 

133. The process of claim 132, wherein the GABA B R1/ 
R2 receptor comprises a GABA U R2 polypeptide which has 
substantially the same amino acid sequence as that encoded 
by the plasmid BO-55 (ATCC Accession No. 209104). 

134. The process of claim 132, wherein the GABA B R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 
substantially the same amino acid sequence as that shown in 
FIGS. 4A-4D (SEQ ID NO:4). 

135. The process of claim 132, wherein the GABA B R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 
substantially the same amino acid sequence as that shown in 
FIGS. 23A-23D (SEQ ID NO:47). 

136. The process of claim 132, wherein the GABA B R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 
the sequence, shown in FIGS. 23A-23D (SEQ ID NO: 47). 

137. The process of claim 132, wherein the GABA R R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 
substantially the same amino acid sequence as that encoded 
by the plasmid pEXJT3T7-hGABAB2 (ATCC Accession 
No. 203515). 

138. The process of any one of claims 128-131, wherein 
the cell is an insect cell. 

139. The process of any one of claims 128-131, wherein 
the cell is a mammalian cell. 

140. The process of claim 139, wherein the mammalian 
cell is nonneuronal in origin. 

141 . The process of claim 140, wherein the nonneuronal 
cell is a COS-7 cell, CHO cell, 293 human embryonic 
kidney cell, NIH-3T3 cell or LM(tk-) cell. 

142. The process of claim 139, wherein the compound 
was not previously known to activate or inhibit a 
GABA B R1/R2 receptor. 

143. A compound determined by the process of claim 142. 

144. A pharmaceutical composition which comprises an 
amount of a GABA B R1/R2 receptor agonist determined by 
the process of claim 128 or 129 effective to increase activity 
of a GADA B R1/R2 receptor and a pharmaceutically accept- 
able carrier. 

145. A pharmaceutical composition of claim 144, wherein 
the GABA n Rl/R2 receptor agonist was not previously 
known. 

146. A pharmaceutical composition which comprises an 
amount of a GABA B R1/R2 receptor antagonist determined 



by the process of claim 130 or 131 effective to'reduce 
activity of a GABA n Rl/R2 receptor and a pharmaceutically 
acceptable carrier. 

147. A pharmaceutical composition of claim 146, wherein 
the GABA B R1/R2 receptor antagonist was not previously 
known. 

148. A method of screening a plurality of chemical 
compounds not known to activate a GABA B R 1/R2 receptor 
to identify a compound which activates the GABA R R1/R2 
receptor which comprises: 

(a) contacting cells containing nucleic acid encoding and 
expressing on their cell surface the GABA B R1/R2 
receptor, wherein such cells do not normally express 
the GABA B R1/R2 receptor, with the plurality of com- 
pounds not known to activate the GABA B R1/R2 recep- 
tor, under conditions permitting activation of the 
GABA B R1/R2 receptor; 

(b) determining whether the activity of the GABA B R3/R2 
receptor is increased in the presence of the compounds, 
and if it is increased; 

(c) separately determining whether the activation of the 
GABA B R1/R2 receptor is increased by each compound 
included in the plurality of compounds, so as to thereby 
identify the compound or compounds present in such 
plurality of compounds which activates the GABA B R1/ 
R2 receptor. 

149. The process of claim 148, wherein the cells express 
nucleic acid encoding GIRK1 and GIRK4. 

150. A method of claim 148 or 149, wherein the 
GABA B R1/R2 receptor is a mammalian GABA B R1/R2 
receptor. 

151. A method of screening a plurality of chemical 
compounds not known to inhibit the activation of a 
GABA B R1/R2 receptor to identify a compound which 
inhibits the activation of the GABA B R1/R2 receptor, which 
comprises: 

(a) contacting cells containing nucleic acid encoding and 
expressing on their cell surface the GABA B R1/R2 
receptor, wherein such cells do not normally express 
the GABA B R1/R2 receptor, with the plurality of com- 
pounds in the presence of a known GABA B R1/R2 
receptor agonist, under conditions permitting activation 
of the GABA B R1/R2 receptor; 

(b) determining whether the activation of the GABA B R1/ 
R2 receptor is reduced in the presence of the plurality 
of compounds, relative to the activation of the 
GABA B R1/R2 receptor in the absence of the plurality 
of compounds, and if it is reduced; 

(c) separately determining the inhibition of activation of 
the GABA B R1/R2 receptor for each compound 
included in the plurality of compounds, so as to thereby 
identify the compound or compounds present in such a 
plurality of compounds which inhibits the activation of 
the GABA B R1/R2 receptor. 

152. The process of claim 151, wherein the cells express 
nucleic acid encoding GIRK1 and GIRK4. 

153. A method of claim 151 or 152, wherein the 
GABA B R1/R2 receptor is a mammalian GABA B R1/R2 
receptor. 

154. A method of any one of claims 148, 149, 151, or 152, 
wherein the cell is a mammalian cell. 



US 2002/0156265 Al 



67 



Oct. 24, 2002 



155. A method of claim 154, wherein the mammalian cell 
is non-neuronal in origin. 

156. The method of claim 155, wherein the non-neuronal 
cell is a COS-7 cell, a 293 human embryonic kidney cell, a 
LM(tk-) cell or an NIH-3T3 cell. 

157. A pharmaceutical composition comprising a com- 
pound identified by the method of claim 148 or 149, 
effective to increase GABA U R1/R2 receptor activity and a 
pharmaceutical^ acceptable carrier. 

158. A pharmaceutical composition comprising a com- 
pound identified by the method of claim 151 or 152, 
effective to decrease GABA B R1/R2 receptor activity and a 
pharmaceutical^ acceptable carrier. 

159. A process for determining whether a chemical com- 
pound is a GABA B R1/R2 receptor agonist, which comprises 
preparing a membrane fraction from cells which comprise 
nucleic acid encoding and expressing on their cell surface 
the GABA B R1/R2 receptor, wherein such cells do not 
normally express the GABA B R1/R2 receptor, separately 
contacting the membrane fraction with both the chemical 
compound and GTPYS, and with only GTPYS, under con- 
ditions permitting the activation of the GABA B R1/R2 recep- 
tor, and detecting GTPYS binding to the membrane fraction, 
an increase in GTPYS binding in the presence of the 
compound indicating that the chemical compound activates 
the GABA B R1/R2 receptor. 

160. A process for determining whether a chemical com- 
pound is a GABA B R1/R2 receptor antagonist, which com- 
prises preparing a membrane fraction from cells which 
comprise nucleic acid encoding and expressing on their cell 
surface the GABA B R1/R2 receptor, wherein such cells do 
not normally express the GABA B R 1/R2 receptor, sepa- 
rately contacting the membrane fraction with the chemical 
compound, GTPYS and a second chemical compound 
known to activate the GABA B R1/R2 receptor, with GTPYS 
and only the second compound, and with GTPYS alone, 
under conditions permitting the activation of the 
GABA B R1/R2 receptor, detecting GTPYS binding to each 
membrane fraction, and comparing the increase in GTPYS 
binding in the presence of the compound and the second 
compound relative to the binding of GTPYS alone, to the 
increase in GTPYS binding in the presence of the second 
chemical compound known to activate the GABA B R1/R2 
receptor relative to the binding of GTPYS alone, a smaller 
increase in GTPYS binding in the presence of the compound 
and the second compound indicating that the compound is a 
GABA B R1/R2 receptor antagonist. 

161. A process of claim 159 or 160, wherein the 
GABA B R2 receptor is a mammalian GABA B R2 receptor. 

162. The process of claim 161, wherein the GABA B R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 
substantially the same amino acid sequence as that encoded 
by the plasmid BO-55 (ATCC Accession No. 209104). 

163. The process of claim 162, wherein the GABA B R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 
substantially the same amino acid sequence as that shown in 
FIGS. 4A-4D (SEQ ID NO:4). 

164. The process of claim 161, wherein the GABA B R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 
substantially the same amino acid sequence as that encoded 
by the plasmid pEXJT3T7-hGABAB2 (ATCC Accession 
No. 203515). 

165. The process of claim 161, wherein the GABA B R1/ 
R2 receptor comprises a GABA B R2 polypeptide which has 



substantially the same amino acid sequence as that Siiown in 
FIGS. 23A-23D (SEQ ID NO: 47). 

166. The process of claim 161, wherein the GABA B R1/ 
R2 receptor comprises a GABA n R2 polypeptide which has 
the sequence shown in FIGS. 23A-23D (SEQ ID NO:47). 

167. The process of claim 159 or 160, wherein the cell is 
an insect cell. 

168. The process of claim 159 or 160, wherein the cell is 
a mammalian cell. 

169. The process of claim 168, wherein the mammalian 
cell is nonneuronal in origin. 

170. The process of claim 169, wherein the nonneuronal 
cell is a COS-7 cell, CHO cell, 293 human embryonic 
kidney cell, NIH-3T3 cell or LM(tk-) cell. 

171. The process of claim 170, wherein the compound 
was not previously known to be an agonist or antagonist of 
a GABA B R1/R2 receptor. 

172. A compound determined to be an agonist or antago- 
nist of a GABA B R1/R2 receptor by the process of claim 171. 

173. A method of treating spasticity in a subject which 
comprises administering to the subject an amount of a 
compound which is an agonist of a GABA n Rl/R2 receptor 
effective to treat spasticity in the subject. 

174. A method of treating asthma in a subject which 
comprises administering to the subject an amount of a 
compound which is a GABA n Rl/R2 receptor agonist effec- 
tive to treat asthma in the subject. 

175. A method of treating incontinence in a subject which 
comprises administering to the subject an amount of a 
compound which is a GABA B R1/R2 receptor agonist effec- 
tive to treat incontinence in the subject. 

176. A method of decreasing nociception in a subject 
which comprises administering to the subject an amount of 
a compound which is a GABA B R1/R2 receptor agonist 
effective to decrease nociception in the subject. 

177. A use of a GABA B R2 agonist as an antitussive agent 
which comprises administering to the subject an amount of 
a compound which is a GABA B R1/R2 receptor agonist 
effective as an antitussive agent in the subject. 

178. A method of treating drug addiction in a subject 
which comprises administering to the subject an amount of 
a compound which is a GABA D R1/R2 receptor agonist 
effective to treat drug addiction in the subject. 

179. A method of treating Alzheimer's disease in a subject 
which comprises administering to the subject an amount of 
a compound which is a GABA B R1/R2 receptor antagonist 
effective to treat Alzheimer's disease in the subject. 

182. A process for making a composition of matter which 
specifically binds to a GABA n Rl/R2 receptor which com- 
prises identifying a chemical compound using the process of 
any of claims, 82, 83, 99, 100, 114 or 115 and then 
synthesizing the chemical compound or a novel structural 
and functional analog or homo log thereof. 

183. A process for making a composition of matter which 
specifically binds to a GABA B R1/R2 receptor which com- 
prises identifying a chemical compound using the process of 
any of claims 120, 128, or 148 and then synthesizing the 
chemical compound or a novel structural and functional 
analog or homolog thereof. 

184. A process for making a composition of matter which 
specifically binds to a GABA B R1/R2 receptor which com- 
prises identifying a chemical compound using the process of 
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any of claims 121, 130, or 151 and then synthesizing the 
chemical compound or a novel structural and functional 
analog or homolog thereof. 

185. The process of any of claims 182, 183, or 184, 
wherein the GABA B R1/R2 receptor is a human GABA B R1/ 
R2 receptor. 

186. A process for preparing a pharmaceutical composi- 
tion which comprises admixing a pharmaceutically accept- 
able carrier and a pharmaceutically acceptable amount of a 
chemical compound identified by the process of any of 
claims 82, 83, 99, 100, 114 or 115 or a novel structural and 
functional analog or homolog thereof. 

187. A process for preparing a pharmaceutical composi- 
tion which comprises admixing a pharmaceutically accept- 
able carrier and a pharmaceutically acceptable amount of a 
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chemical compound identified by the process o^any of 
claims 120, 128, or 148 or a novel structural and functional 
analog or homolog thereof. 

188. A process for preparing a pharmaceutical composi- 
tion which comprises admixing a pharmaceutically accept- 
able carrier and a pharmaceutically acceptable amount of a 
chemical compound identified by the process of any of 
claims 121, 130, or 151 or a novel structural and functional 
analog or homolog thereof. 

189. The process of any of claims 186, 187, or 188, 
wherein the GABA B R1/R2 receptor is a human GABA B R1/ 
R2. receptor. 

***** 



